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INTRODUCTION

The DOE Energy Materials Coordinating Committee (EMacCC)
serves primarily to enhance coordination among the Department's
materials programs and to further the effective use of materials
expertise within the Department. These functions are accom-
plished through the exchange of budgetary and planning informa-
tion among program managers and through technical meeting/
workshops on selected topics involving both DOE and major
contractors. Four topical subcommittees on Structural Ceramics,
Batteries and Fuel Cells, Radiocactive Waste Containment, and
Steel are established and are continuing their own program. The
FY 1986 meeting program is given on Page 5. In addition, the
EMaCC aids in obtaining materials-related inputs for both intra-
and inter-agency compilations.

Memberships in the EMaCC is open to any Department organiza-
tional unit; participants are appointed by Division or Office
Directors. The current active membership is 1listed on the
following three pages.

The EMaCC reports to the Director of the Office of Energy
Research in his capacity as overseer of the technical programs of
the Department. This annual technical report is mandated by the
EMaCC terms of reference. This report summarizes EMaCC activi-
ties for FY 1986 and describes the materials research programs of
various offices and divisions within the Department.

The Chairman of EMaCC for FY 1986 was Robert B. Schulz and
Iran L. Thomas was Executive Secretary. I am grateful to EMacCC
subcommittee chairmen Stanley J. Dapkunas, Alan Landgrebe, Henry
F. Walter, and Donald Keefer for their contributions to our
program in FY 1986. The compilation of this report was assisted
by DHR, Incorporated.

Iran L. Thomas

Office of Basic Energy Sciences
Division of Materials Sciences
Chairman of EMaCC, FY 1987
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Date and Place

Nov. 15, 1985
Germantown

Jan. 10, 1986
Germantown

Mar. 26, 1986

Forrestal

Apr. 17, 1986
Germantown

June 16, 1986

*During FY

FY 1986* EMaCC MEETING PROGRAM

Special Meeting Subjects

Structural Ceramics
Subcommittee Joint Meeting

Polymeric Materials Meeting
Batteries and Fuel Cells
Subcommittee Joint Meeting

Radicactive Waste Containment
Subcommittee Joint Meeting

Steel Subcommittee Joint
Meeting

1986, Robert B. Schulz,

CE-151,

Guest Speakers
and EMacCcC
Subcommittee
Chairman

Sandy Dapkunas,
Chairman

Iran Thomas,
Chairman

Alan Landgrebe,
Chairman

Henry Walter,
Chairman

Donald Keefer,
Chairman

was EMacCcC

Chairman and Iran L. Thomas, ER-132, was Executive Secretary.
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ORGANIZATION OF THE REPORT

The first part of the Program Descriptions consists of a
funding summary for each Assistant Secretary office and the
Office of Energy Research. This is followed by a summary of
project titles and objectives, including the program/project
manager(s) and principal investigator (listed in the Directory,
pages 432).

The second part of the Program Descriptions (starting on
page 201) consists of more detailed project summaries with
project goals and accomplishments. Each of these are numbered
for purposes of reference in the Keyword Index (pages 465).

The Table of Contents lists two (2) page numbers for each
entry: the first page number gives the funding summary or first
program description; the second page number gives the first
detailed project description.

The FY 1986 Budget Summary for materials activities in each
of the 29 programs within the DOE are presented on pages 7 and 8.



FY 1986 BUDGET SUMMARY TABLE FOR DOE MATERIALS ACTIVITIES

(These numbers represent materials-related activities only. They
do not include that portion of program budgets which are not

materials

related).

Enerxr Conservation

Office
Office
Office
Office

Renewable

of Energy Utilization Research

of Buildings and Community Systemns
of Industrial Programs '

of Transportation Systens

Enerqy

Ooffice
Office
Office
Office

of Enerqgy Storage and Distribution
of Solar Heat Technologies

of Solar Electric Technologies

of Renewable Technology

Office of Energy Research

Office
Office
Office

of Basic Energy Sciences
of Health and Environmental Research
of Fusion Energy

Small Business Innovation Research Program

Office of

Nuclear Enerqy

High Temperature Gas Cooled Reactors Division

Office of Terminal Waste Disposal and Remedial
Action

Office of Uranium Enrichment

Office of Reactor Systems, Development and
Technology

Office of Breeder Technology Projects

Office of Naval Reactors

Office of Civilian Radiocactive Waste Management
Office of Storage and Transportation Systems
Basalt Waste Isolation Project Waste Package

Materials Development

Office

of Geological Repositions - Nevada

Nuclear Waste Storage Investigations Projects

*Approximate

FY 1986
$ 36,902,805
7,195,000
1,684,505

4,366,300
23,657,000

$ 35,953,000
6,809,000
3,837,000

23,900,000
1,407,000
$171,849,452
138,518,294
650,000
19,350,000
13,331,158
$129,294,000
6,180,000

5,995,000
37,332,000

2,305,000
17,482,000
6,000,000
$ 21,907,000

760,000
6,230,000

10,335,000



FY 1986 BUDGET SUMMARY TABLE FOR DOE MATERIALS ACTIVITIES

(continued)
FY 1986
Office of Civilian Radicactive Waste Management .
(Continued)
Salt Repository Project $ 4,257,000
Sandia National Laboratories: Brittle Fracture 325,000
Technology Program
Office of Defense Programs $ 44,962,000
Office of Inertial Fusion 3,000,000
Office of Military Applications 41,962,000
Office of Fossil Energy $ 7,328,000
Office of Technical Coordination 5,628,000
Office of Surface Coal Gasification 580,000
Office of 0il, Gas, Shale, and Coal Liquids 0
Office of Coal Utilization 1,120,000
TOTAL $448,196,257



PROGRAM SUMMARIES

Brief summaries of the materials research programs
associated with each office and division are presented in the
following text, including tables listing individual projects and
the FY 1986 budgets for each. More details on the individual
projects within the divisions and the specific tasks or
subcontracts within the various projects are given in the
paragraph descriptions.



CONSERVATION AND RENEWABLE ENERGY

The Office of Conservation and Renewable Energy seeks to
develop the technology needed for the Nation to use its existing
energy supplies more efficiently, and for it to adopt, on a large
scale, renewable energy sources., Toward this end, the Office
conducts long-term, high-risk, high-payoff R&D that will lay the
groundwork for private sector action.

A number of materials R&D projects are being conducted
within the Conservation and Renewable Energy program. The
breadth of this work is considerable, with projects focusing on
coatings and films, elastomers and polymers, corrosion, materials
characterization, transformation, and other research areas. The
level of funding indicated refers only to the component of actual
materials research.

10



The Office of Conservation and Renewable Energy conducts

materials research in the following offices and divisions:

FY 1986

'l.

Ener Conservation

a. Office of Energy Utilization Research

Energy Conversion and Utilization
Technologies Division

(1)

b. Office of Buildings and Community Systems

Building Systems Division
Building Equipment Division

(1)
(2)

c. Office of Industrial Programs

Improved Energy Productivity Division
Waste Energy Reduction Division

(1)
(2)

d. Office of Transportation Systems

Renewable Enerqgy

a. Office of Energy Storage and Distribution

(1)
(2)

b. Office of Solar Heat Technologies

(1)
(2)

c. Office of Solar Electric Technologies

Energy Storage
Electric Energy Systems

Solar Buildings Technology Division
Solar Thermal Technology Division

Photovoltaic Energy Technology
Division

(1)

d. Office of Renewable Technology

(1)
(2)

Geothermal Technologies Division
Biofuels and Municipal Waste Division

11

$36,902,805
$ 7,195,000

7,195,000

$ 1,684,505

543,505
1,141,000

$ 4,366,300

2,125,300
2,241,000

$23,657,000
$35,953,000
$ 6,809,000

4,189,000
2,620,000

$ 3,837,000

2,136,000
1,701,000

$23,900, 000

23,900,000

$ 1,407,000

1,257,000
150, 000



Office of Energy Utilization Research Grand Total
Energy Conversion and Utilization Technologies

OFFICE OF ENERGY UTILIZATION RESEARCH

Division

Materials Preparation, Synthesis, Deposition,

Growth, or Formin

FY 1986
$ 7,195,000

$ 7,195,000

$ 2,874,000

Solid Lubricants Deposited From the Gas Phase 50,000

Tribological Surface Modifications and Coatings 847,000

Modeling of Hard Coatings for Tribological 80,000
Systems Operating Under Extreme Conditions

Tribological Studies on Coated High Speed Steel 80,000
Cutting Tools

Abrasion and Impact Resistant Coatings 150,000

Mechanical Interactions of Rough Surfaces 75,000

Coordination of ECUT Plastics Recycling and 57,000
Reuse Efforts

Assessment of the Economic Potential of Plastics 40,000
Reuse

Laser Surface Modifications of Ceramics 100,000

Plasma-Assisted Sintering of Ceramics 145,000

Ion Implantation of Ceramics 385,000

Compositionally Modified Ceramics 150,000

Injection Molding of Electrosterically-Stabilized 60,000
Oxide Suspensions in an Aqueous Medium

High Density Sol-Gel 150,000

Chemical Vapor Deposition of Ceramic Composites 145,000

Thin-Wall Hollow Ceramic Spheres from Slurries 150,000

Synthesis of SiC Whisker - MoSi, Matrix 50,000
Composites for Elevated Temperature Applications

Ordered Metallic Alloys for Lightweight 160,000
Applications

Materials Structures and Composition $1,746,000

Mechanisms of Adherence at Ceramic-Metal Joints 156,000

Assessment of the State of the Art in Machining 0
and Surface Preparation of Ceramics

Modeling of Boron-Effect in NijAL 920,000

Predictions of Cubic Ordered Intermetallics 85,000

Predictions of Super-Strong Liquid Crystal ~ 100,000
Polymers

Predictions of Polymer Decompositions 75,000

Influence of Electronic Structure on Ordered 50,000

Intermetallics

12



OFFICE OF ENERGY UTILIZATION RESEARCH (Continued)

Materials Structures and Composition (continued)

Reactive Polymer Processing Assessment

Liquid Crystalline Polymers Assessment

Inorganic Polymers Assessment

Thermosetting Resins with Reversible Crosslinks

Biobased Polymers

Assessment of DoD/NASA Thermal Insulation
Technology '

Novel Technique for Particulate Removal from
Molten Salts :

Materials Properties, Characterization, Behavior,

or Testing

Ordered Metallic Alloys for High Temperature
Applications

Device or Component Fabrication, Behavior,
or Testin

Friction and Wear of Ceramics at Elevated
Temperatures

Observations of "Hot Spots" on Ceramics and
Development of Theory

Lubricant Qualities of the Constituents of Base
Stock 0il

Energy Efficient Gears

Modeling of Solid Ceramic Joints

Electromagnetic Joining of Ceramics - Laboratory
Proof of Concept

Development of Tests for Ceramic-Ceramic and
Ceramic-Metal Joints

Nondestructive Evaluation (NDE) of Ceramic Joint

NMR of Green State Ceramics

Instrumentation and Facilities
Assessment of X-ray Methods for Investigations

of Ceramic Wear Surfaces
Thin Film Thermocouples for Heat Engines

13

$

$

FY 1986

65,000
0
15,000
100, 000
50,000
30,000

100,000

895,000

895,000

$ 1,542,500

S

$

377,500
125,000
490,000

50,000

175,000
0

150,000

100,000
75,000

137,500
37,500

100,000



OFFICE OF ENERGY UTILIZATION RESEARCH

This office supports generic research of a long-term, high-
risk, high-payoff nature aimed at stimulating innovation in
conservation technology. The research is both broadly based and
multi-sectoral, providing a technology base for the other
conservation programs.

Enerqy Conversion and Utilization Technologies Division

The mission of the ECUT Program is to support generic,
long-term, high risk directed basic and applied research and
exploratory development of new or improved concepts to produce a
technology base which private industry can use in producing
products that use energy more efficiently. Materials related
research in the ECUT Program 1is found in two projects, the
Materials Project and the Tribology Project. The Tribology
Project is managed by Argonne National Laboratory (ANL) and the
Materials Project by the Oak Ridge National Laboratory (ORNL).
The goal of both projects is to develop innovative concepts to a
point where they can be taken over for further development by
private industry or other government programs. The materials
work in the Materials Project is in the areas of intermetallic
compounds, ceramic-ceramic and ceramic-metal attachments, surface
modifications of ceramics, recovery and reuse of plastic scrap,
ceramic coatings, and materials structures theory. Materials
research in the Tribology Project is in the areas of wear of
lubricated solids, the friction and wear of ceramics, and
tribological surface modifications and coatings. The DOE contact
is James J. Eberhardt, (202) 586-5377 for the Materials Project
and Terry Levinson, (202) 586-5377 for the Tribology Project.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Solid Iubricants Deposited From the Gas Phase - DOE Contact
T. Levinson, 202-586-5377; Pennsylvania State
University Contact E. E. Klaus, 814-865-2574

o Determine the kinetics of formation and the structures
of solid lubricant films deposited on ceramic or metal
surfaces from the gas phase.

Tribological Surface Modifications and Coatings - DOE
Contact T. Levinson, 202-586-5377;: ANL Contact Fred

Nichols, 312-972-8292; Borg-Warner Contact William
Sproul, 312-827-3131

o Emphasis in FY 1986 1is on hard coatings for cutting
tool wear.

14



(o]

Modeling of surface modification by ion-implanation is
underway.

Modeling of Hard Coatings for Tribological Systems Operating

Under Extreme Conditions - DOE Contact T. Levinson,
202-586-5377; George Washington University Contact
Bruce Kramer, 202-676-8237

Work based on Kramer's Thermomechanical-Mechanical
Theory for tool wear, and predictions for increased
wear resistance.

Theory confirmed for coatings on Carbide inserts.
Current tests of theory focusing on TiC, TiN, 2ZrC, ZrN,

HfC, HfN coatings on T-15 High Speed Cutting Tool Steel
inserts.

Tribological Studies on Coated High Speed Steel Cutting

Tools - DOE Contact T. Levinson, 202-586-5377;
University of California in Los Angeles Contact Rointan
Bunshah, 213-825-2210

Preparing coatings by a patented Activated Reactive
Evaporation Process, for characterization and
evaluation at ANL, as part of the program to confirm
and exploit Professor Kramer's theory.

Abrasion and TImpact Resistant Coatings - DOE Contact T.

o

Levinson, 202-586-5377; LLNL Contact William Steele,
415-423-2949

Development and testing of innovative wear resistant
coatings constructed by anchoring high density mat of
very fine, hard filaments or "hairs" into surface of
bulk matrix, at near vertical angles.

Tests established that dense mat of 2 to 5 micron
diameter carbon fibers embedded in the surface of any
epoxy matrix provided complete protection to the matrix
in a sandblast tester (which completely destroyed
unprotected specimens). :

Future tests are focusing on metal matrices, and on C,
B, SiC, Al;03, and 2rO fibers.

Mechanical Interactions of Rough Surfaces - DOE Cdntact T.

o

Levinson, 202-586-5377; SKF Industries, Incorporated
Contact John McCool, 215-265-1900, ext. 267

Joint effort with Office of Basic Energy Sciences.

15



o Developing guidelines and techniques for the processing
of surface roughness data generated in analog form.

Coordination of ECUT Plastics Recycling and Reuse Efforts-
DOE Contact J. Eberhardt, 202-586-5377; Plastics
Institute of America Contact Mike Curry or Al Spaak,
201-420-5552

o Study of various methods for recycling or recovering
value from post-consumer plastic wastes.

Assessment of the Economic Potential of Plastics Reuse - DOE
Contact J. Eberhardt, 202-586-5377; ORNL Contact Randy
Curlee, 615-576~-4864

o Study of the economic viability of plastics reuse and
the institutional incentives and barriers impacting
market acceptance of recycle technologies.

TLaser Surface Modifications of Ceramics - DOE Contact J.
Eberhardt, 202-586-5377; North Carolina State Contact
Jagdish Narayan, 919-248-1902 and 919-737-7874

o Investigation of the effects induced by pulsed laser
irradiation of thin films of metals deposited onto
surfaces of ceramics.

o Work has expanded from silicon carbide to silicon
nitride materials.

Plasma-Assisted Sintering of Ceramics - DOE Contact J.
Eberhardt, 202-586-5377; Northwestern University
Contact Lynn Johnson, 312-492-3537

o) Investigation of the acceleration of sintering of
ceramics via plasmas.

Ion Implantation of Ceramics - DOE Contact J. Eberhardt,
202-586-5377; ORNL Contact Carl McHargue, 615-575-
4344; Georgia Tech Contact Joe Cochran, 404-891-2051;
Universal Energy Systems Contact Peter Pronko, 513-426-
6900, ext. 113 ,

o Exploration of the effects of ion implantation on-
strength, fracture toughness, hardness, friction
coefficient, and wear rates of ceramics.

o Current work is on ion implantation into TiB,, 2Zro,,
A1203, sic, and Si3N4.

16



Compositionally Modified Ceramics - DOE Contact J.
Eberhardt, 202-586-5377; ORNL Contact Rodney McKee,

615-574-5144

o Synthe31s and characterization of layered structures of
aluminum oxide and titanium oxides.

o Study of the mechanics and mechanical behavior of the
system.

o Measurement of electrical and optical properties.

Injection Molding of Electrosterically-Stabilized Oxide
Suspensions in an_Aqueous Medium - DOE Contact J.
Eberhardt, 202-586-5377; University of Washington
Contact Ilhan Aksay, 206-543-2625 :

o) Attempts to produce a ceramic oxide suspension suitable
for higher speed injection modeling but wusing an
agueous solvent and minimum organic additives.

e} Approach is to absorb polymer onto surface of submicron
particle in suspension.

o Concentrating on alpha-Al1,03.

High Density Sol-Gel - DOE Contact J. Eberhardt, 202-586-
5377; LBL Contact Arlon Hunt, 415-486-5370

o Development of process to produce controlled porosity
materials with tailored thermal, optical, and physical
characteristics.

o Determination of the properties of the finished

material as related to the preparation technique.

Chemical Vapor Deposition of Ceramic Composites - DOE
Contact J. Eberhardt, 202-586-5377; ORNL Contact Dave-
Stinton, 615~574-4556 :

o Production of toughened ceramic matrix coatings via
simultaneous chemical vapor deposition of dispersoid
and matrix phases.

o) Development of silicon nitride-boron nitride coatings

prepared from dichlorosilane, boron trichloride, and
ammonia.

17



Thin-Wall Hollow Ceramic Spheres from Slurries - DOE Contact
J. Eberhardt, 202-586-5377; Georgia Tech Contact Ted
Chapman, 404-894-4815

o Development of a technique for producing thin-wall
hollow ceramic spheres in the .1-5mm diameter range
using conventional dispersions of ceramic powders
(slurries).

o Initial work on Al5;03.

Synthesis of SiC Whisker-MoSi, Matrix Composites for
Elevated Temperature Applications - DOE Contact J.
Eberhardt, 202-586-5377; LANL Contact John Petrovic,
505-667-5452

o) Examination of SiC whisker-MoSi; matrix composites for
potential elevated temperature structural applications
in oxidizing environments.

Ordered Metallic Alloys for Lightweight Applications - DOE
Contact J. Eberhardt, 202-586-5377; ORNL Contact Wally
Porter, 615-574-5143; Dartmouth Contact Erland Schusen,
603-646-2888

o Identification and development of ordered metallic
alloys as potential lightweight structural materials.

Materials Structures and Composition

Mechanisms of Adherence at Ceramic-Metal Joints - DOE
Contact J. Eberhardt, 202-586-5377; ORNL Contact Mike
Santella, 615-574-4805

o Investigations of the mechanisms of adherence at
ceramic-metal joints.

o Develop thermodynamic models to predict reaction of
ceramics with liquid metal alloys.

Assessment of the State of the Art in Machining and Surface
Preparation of Ceramics - DOE Contact J. Eberhardt,
202-586-5377; ORNL Contact Dave Stinton, 415-574-4456

(o] Assessment of the current state-of-the-art in the
technologies of machining and surface preparation of
ceramics.

o Formulate recommendations for the need for further
research and development.
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Modeling of Boron-Effect on NijAl - DOE Contact J.
Eberhardt, 202-586-~5377; LANL Contact Jeff Hay, 505-

667-2097

o Ccomputer modeling of the interfacial properties of
Ni;Al and the role of solute atoms such as B in
preventing brittle fracture at grain boundaries.

o Modeling of electronic properties, interatomic
potentials, atomistic simulation, and crack
propagation.

Predictions of Cubic Ordered Intermetallics - DOE Contact J.
Eberhardt, 202-586-5377; Imperial College of London
Contact David Pettifor, 1-589-5111, ext. 5756
(England) ; ORNL Contact Don Nicholson, 615-575-5873

o Develop and experimentally verify models for predicting
ordered intermetallic alloys with cubic ordered crystal
structures.

Predictions of Super-Strong Licquid Crystal Polymers -~ DOE
Contact J. Eberhardt, 202-586-5377; LANL Contact
Flonnie Dowell

o Originate and develop advanced, first-principles,
microscopic, molecular statistical-plysics theories
into mathematical models to predict new molecular
structures most likely to form liquid crystal polymers.

o Chemical synthesis and experimental characterization of
liguid crystal polymers.

Predictions of Polymer Decompositions - DOE Contact J.

Eberhardt, 202-586-5377; ORNL Contact Bill Thiessen,
615-574-4973

(o} Develop computer models at the atomic/molecular level
to guide the development and optimization of polymers.

o Discover how to tailor polymers to allow recovery of
value from waste plastics by approaches based on
molecular decomposition and/or rearrangements.

Influence of Electroic Structure on Ordered Intermetallics-
DOE Contact J. Eberhardt, 202-586-5377; Carnegie-
Mellon Contact T. B. Massalski, 412-578-2708

o Identification of phenomenological corrlations between
the electronic structure and the ordering temperature
and stacking arrangement in ordered intermetallics.
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o Initiation of electronic-level calculations to explain
the <correlations in terms of valence electronic
energies as functions of the atomic arrangements in
various stacking sequences.

Reactive Polymer Processing Assessment - DOE Contact J.
Eberhardt, 202-586-5377; ORNL Contact Joseph Carpenter,
615-574-4571; University of Tennessee Contact Paul
Phillips, 615-974-5304

o - Assessment of base technology research in the area of
reactive polymer processing in order to facilitate the
greater use of 1lightweight polymer-based structural
components.

Liquid Crystalline Polymers Assessment - DOE Contact J.
Eberhardt, 202-586-5377; University of Tennessee

Contact Paul Phillips, 615-974-5304

‘0 Identification of research activities currently
underway in the area of liquid crystalline polymers.

o Define research program to augment knowledge base.

Inorganic Polymers Assessment - DOE Contact J. Eberhardt,
202-586~5377; Pennsylvania State University Contact
Harry Allock, 814-865-3527

o) Assessment of research and development support of
inorganic polymers. : ‘

Thermosetting Resins with Reversible Crosslinks - DOE
Contact J. Eberhardt, 202-586-5377; Polytechnic of New

York Contact Giuliana Tesoro, 718-643-5244

o Determination of the possibility of developing
thermosetting resins with "reversible crosslinks."

o Production of plastics with the strengths, toughnesses,
temperature capabilities, and corrosion resistances
typical of thermoset resins but which can be easily
reprocessed like a thermoplastic.

Biobased Polymers - DOE Contact J. Eberhardt, 202-586-5377;
SERI Contact Helena Chum, 303-231-7249

o Exploration of the potential of innovative polymers
from biomass, as well as biobased materials in general,
for the production of inexpensive materials at a
substantial overall energy savings.
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o} Formulation of a research program for the development
of biobased materials: biomass-derived plastics,
innovative bioprocessing, and biotechnology-produced
lightweight materials.

Assessment of DoD/NASA Thermal-Insulation'Technology - DOE
Contact J. Eberhardt, 202-586-5377; University of

Kentucky Contact Alan Fine, 606-257-3713

o Assessment of the possibilities of technology transfer
of specialized concepts from aerospace and other
government programs to energy conservation applications
in the civilian sector.

Novel Technigque for Particulate Removal from Molten Salts-
DOE Contact J. Eberhardt, 202-586-5377; ORNL Contact D.

O. Hobson, 615-574-5109

o Development of a device to remove particulates from a
flowing molten metal stream just before it solidifies.

o Work focusing on molten aluminum with Al,03 particles.

Materials Properties, Characterization, Behavior, or Testing

Ordered Metallic Alloys for High Temperature Applications-
DOE Contact J. Eberhardt, 202-586-~5377;. ORNL Contact

Chain Liu, 615-574-4459; several subcontractors

o Development and determination of properties in ductile
long-range ordered alloys based on the (Fe,Ni)3V system
and ductile intermediate alloys based on the Nij3Al
systen. :

o) Main applications in high temperature service in steam
turbines, heat engines, and heat exchangers.

Device or Component Fabrication, Behavior, or Testing

Friction and Wear of Ceramics at Elevated Temperatures - DOE
Contact T. Levinson, 202-586-5377; ORNL Contact Charlie

Yust, 615-574-4812

o Measurements of the friction coefficient and wear rates
under unidirectional sliding and investigations of the
wear mechanisms of ceramics during tests of ceramics
run against themselves and other ceramics up to 800°F.
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Observations of "Hot Spots" on Ceramics and Development of

Theory - DOE Contact T. Levinson, 202-586-5377; Georgia
Institute of Technology Contact Ward Winer, 404-894-
3270

The wearing surfaces of the ends of ceramic pins are
observed through a rotating sapphire (Al,;03) disk to
see 1if they exhibit "hot spots" (i.e., extremely hot
surface asperities) and, if so, to develop a theory of
wear of ceramics based on the observations.

TLubricant Qualities of the Constituents of Base Stock 0il-

DOE Contact T. Levinson, 202-586-5377; NBS-Gaithersburg
Contact Stephen Hsu, 301-921-2113

Commercial base stock (without additives) oils are
separated into molecular fractions and the fractions
are tested for friction and wear qualities and
oxidation stability.

Objectives are to prove that there are significant
differences in the lubricant qualities of the various
molecular constituents of base stock o0ils and to
improve the understanding of the influence of the
molecular structure of lubricant molecules on their
lubricant qualities.

Enerqgy Efficient Gears - DOE Contact T. Levinson, 202-586-

o

5377; Northwestern University Contact Herbert Cheng,
312-491-7062

Develop friction model to predict power losses in spur
gears.

Conduct experiment to validate the model.

Modeling of Solid Ceramic Joints - DOE Contact J. Eberhardt,

202-586-5377; Norton Company Contact Pierre Charreyron,
617-393-5962

Development of finite element models of stress states
in and around solid joints between a ceramic and a
ceramic or metal part for two specific geometries.

Initial work on but-on-butt in c¢ylindrical and

~ rectangular cross sections.
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Electromagnetic Joining of Ceramics - Laboratory Proof of
Concept - DOE Contact J. Eberhardt, 202-586-5377; DHR,
Inc. Contact Richard Silberglitt, 703-883-0833; NRL
Contact Dave Lewis, 202-767-2131

o Develop methods for joining ceramic materials to one
another by microwave-induced heating of the joint
interface.

Development of Tests for Ceramic-Ceramic and Ceramic-Metal
Joints - DOE Contact J. Eberhardt, 202-586~5377; ORNL
Contact Artie Moorhead, 615-574-5153

o] Development of test specimens for measurement of
fracture toughness of ceramic-ceramic and ceramic-metal
brazements.

o Fabricate and test brazed fracture toughness specimens

for comparison with theoretical data generated by
finite models.

Nondestructive Evaluation (NDE) of Ceramic Joints - DOE
Contact J. Eberhardt, 202-586-~5377; ORNL Contact Bob
McClung, 615-574-4466

o Investigation of methods for non-destructive evaluation
of ceramic joints in order to increase body of
knowledge concerning properties and characteristics
that affect serviceability of the joints.

NMR of Green State Ceramics - DOE Contact J. Eberhardt, 202-
586-5377; ANL Contact Bill Ellingson, 312-972-5068

o Exploration of the use of advanced nuclear magnetic

resonance (NMR) imaging methods to characterize green-
state ceramic materials.

Instrumentation and Facilities

Assessment of X-Ray Methods for Investiqgation of Ceramic
Wear Surfaces - DOE Contact J. Eberhardt, 202-586-
5377; Virginia Polytechnic Institute and State
University Contact Charles Houska, 703-961-5652

o Determine the potential of x-ray diffraction and
fluorescence methods for nondestructive analyses of the
near-surface wear regions of ceramics.
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Thin Film Thermocouples for Heat Engines - DOE Contact J.
Eberhardt, 202-586-5377; NBS-Gaithersburg Contact Ken
Kreider, 301-921-~3281

o Demonstration of the feasibility of a materials system
and fabrication technique for measuring temperature
inside the combustion chamber of ceramic insulated
engines using thin film thermocouples.
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OFFICE OF BUILDINGS AND COMMUNITY SYSTEMS

FY 1986
Office of Buildings and Community Systems ‘
Grand Total $ 1,684,505
Building Systems Division $ 543,505
Materials Properties, Behavior, $ 543,505
Unguarded Flat Insulation Nichrome Wire 100,000
Screen Tester
Settled Density Studies of Loose-fill 70,000
Insulation
Heat Flow Modeling 50,000
Gas Diffusion and Effective Conductivity of Foam 40,000
Insulation Versus Age
Corrosiveness of Thermal Insulating Materials 8,000
Improved Standard Reference Materials 50,000
High Temperature Insulation Standard Reference 50,000
Materials
Theory of Radiative Heat Transport in Low-Density 0
Insulations
Dynamic Latent Heat Storage Effects of Building 0
Construction Materials
Assessment of the Physical and Thermal Properties 0
of Masonry Block Products
Assessment of Spray-Applied Urethane Foam 15,183
Materials
Assessment of Low Density Concretes and Cement 50,000
Insulation
Radiative Properties of Insulating Materials 50,322
Acoustic Measurement of Attic Insulation 60,000
Building Equipment Division $ 1,141,000
Materials Properties, Behavior, $ 666,000
Characterization, or Testing
Materials for Condensing Heat Exchangers 120,000
Non-Azeotropic Refrigerant Mixtures 521,000
New Gases/Diagnostics for High and Low Pressure 25,000

Discharge Lamps
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OFFICE OF BUILDINGS AND COMMUNITY SYSTEMS (Continued)

Device or Component Fabrication, Behavior, S

or Testing

Mercury Isotope Enrichment

Zeeman Effect on Lamp Gas Plasma

Explore Performance of New Ingredients in High
Intensity Discharge Lamps

Instrumentation and Facilities S

Absorption Fluid Pairs Research
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175,000
25,000
100, 000
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OFFICE OF BUILDINGS AND COMMUNITY SYSTEMS

The Office of Buildings and Community Systems works to
increase the energy efficiency of the buildings sector through
performance of R&D on building systems, building equipment, and
community energy systems. In addition, the Office carries out
the statutory requirements of appliance standards and labeling
and building energy performance standards. Specific objectives
include providing the technology to: )

o reduce energy consumption in existing buildings, and. in
new buildings; ~

o increase the energy efficiency of o0il and gas
combustion heating systems and of o0il- and gas-fired
heat pump systems;

o improve the energy efficiency of advanced electric heat
pump and refrigeration systems, and of light systems;
and

o develop new planning techniques and systems that will

decrease the energy consumption of communities.

Building Systems Division

The goal of this Division is to provide a scientific and
technical basis (including model standards) for reducing the use
of energy in residential and commercial buildings by 35% by the
year 2000 from that used in 1975, while maintaining existing
levels of human comfort, health and safety. The Division's
primary objectives are to support research that advances the
scientific and technical options for increased energy efficiency
in buildings, to promote the substitution of abundant fuels for
scarce fuels in buildings, and to promulgate standards for
increased efficiency of energy use. To accomplish a portion of
this, the Building Materials Program seeks to increase the
knowledge base concerning the physical, chemical and mechanical
properties of building materials that determine their thermal
energy performance effectiveness, durability, safety, and health
impacts; to develop and verify analytical models that are useful
to building designers and researchers for predicting the thermal
performance characteristics of materials; to develop methods for
measuring the thermal performance characteristics of materials;
and to provide technical assistance, advice and data to
organizations that develop consensus standards for the
performance characteristics of materials. The DOE contact is
Bill Gerken, 202-252-9446.
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Materials

Properties, Behavior, Characterization, or Testing

Uhqgarded'Flat Insulation Nichrome Wire Screen Tester -~ DOE

Contact B. Gerken, 202-586-9193; ORNL Contact David
McElroy, 615-574-5976

Study of transient thermodynamic processes in
insulation materials including mineral fiberboard and
powdered insulations.

Settled Density Studies of Loose-Fill Insulation - DOE

Heat

Contact B. Gerken, 202-586-9193; ORNL Contact David
McElroy, 615-574-5976

Laboratory and field studies of loose fill insulation
materials to determine the effects of settling on
density and R-value.

Testing involves vibration of these materials in a
simulated wall cavity and in actual residential attics.

Flow Modeling - DOE Contact B. Gerken, 202-586-9193;

ORNL Contact David McElroy, 615-574-5976

Mathematical modeling of heat transfer along
longitudinal and radial coordinates.

Elucidation of T"apparent" thermal conductivity in
materials.

Gas Diffusion and Effective Conductivity of Foam_Insulation

Versus Age - DOE Contact B. Gerken, 202-586-9193; MIT
Contact Dr. Leon Glicksman, 617-253-2233

Freon-blown rigid urethane foam is studied for changes

due to diffusional effects as insulation ages.

.Experimental measurements of gas permeablllty through

" cell wall materials.

Investigation of new concepts which reduce overall
thermal conductivity of foam material.

Corrosiveness of Thermal Insulating Materials -~ DOE Contact

B. Gerken, 202-586-9193; Stevens Institute of
Technology Contact Dr. Rolf Weil, 201-420-5257

" Effects of leachants on interaction of cellulose,

rockwool, fiberglass and urea formaldehyde foam with
contact metals.
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Improved standard Reference Materials - DOE Contact B.
Gerken, 202-586-9193; NBS Contact Hunter Fanney, 301-

975-5864

o Candidates for improved standard reference materials
are being investigated using a one meter diameter
line-heat-source guarded hot plate.

High Temperature Insulation Standard Reference Materials -
DOE Contact B. Gerken, 202-586-9193; National Bureau of

Standards Contact Jerome Hust, 303-497-3733

o Ceraboard and a high temperature loose-fill insulation
are candidates to be investigated for use as new
Standard Reference Materials, using a new 800 degrees K
guarded hot plate.

Theory of Radiative Heat Transport in_ ILow-Density
Insulations - DOE Contact B. Gerken, 202-586-9193;
University of Connecticut Contact Paul Klemens,
203-486-3134

o Theoretical mathematical and physics analysis of
radiative heat flow under transient conditions.

o Realistic model used to derive a new heat transfer
equation, to be applied to steady-state and transient
test cases.

o Leads to computer simulations of heat transfer for
diurnal cycle and for measurement techniques such as
laser diffusivity and the flat screen tester.

Dynamic TLatent Storage Effects of Building Construction
: Materials - DOE Contact B. Gerken, 202-586-9193;
Manville Corp. Contact Jack Verschoor, 303-972-2262

o Acquisition of data concerning time rate of moisture
adsorption and desorption in building construction
materials and furnishings as a function of temperature
and humidity changes.

Assessment of the Physical and Thermal Properties of Masonry
Block Products - DOE Contact B. Gerken, 202-586-9193;
Steven Winter Assoc. Contact Deane Evans, 212-564-5800

o Identification of available data regarding thermal
properties of concrete and masonry units typically
encountered in building practice.
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Assessment of Spray-Applied Urethane Foam Materials -~ DOE
Contact - Bill Gerken, 202-586-9193; Dynatech Contact-
Ronald Tye, 617-868-8050

o A technical assessment of material types used,
production and installation procedures, application
areas 1in Dbuildings, properties that influence
performance, new developments, and technical
information gaps.

Assessment of Iow Density Concretes and Cement Insulation-
DOE Contact - Bill Gerken, 202-586-9193; NBS Contact-
Walter Rossiter, 301-975-6719

o Review of existing information and building practices
concerning the use of lightweight concrete and foamed
cement insulation.

o Properties and composition of the materials, test
methods used for evaluating the materials, the effect
of the materials on other building components, types of
applications and constructions for which they are used,
and installation techniques.

Radiative Properties of Insulating Materials - DOE Contact-
Bill Gerken, 202-586-9193; University of Mississippi
Contact - Jeffery Roux, 601-232-5375

o] Laboratory reflectance measurements in the 3 to 50
micron wavelength range for several types of thermal
insulation to determine their spectral absorption and
scattering coefficients.

Acoustic Measurement of Attic Insulation - DOE Contact-
Bill Gerken, 202-586-9193; NBS Contact - Daniel Flynn,
301-975~-6634

o A laboratory' feasibility study to determine the value
of using acoustical techniques to evaluate the density,
thickness and thermal resistance of installed loose
fill thermal insulations.

Building Equipment Division

The mission of the Building Equipment Division is to provide
the long range technical support needed to supply the private
sector with the technological basis for developing and testing
high efficiency equipment utilized in the operation of
"residential and commercial buildings. This equipment supplies
the heating, cooling, 1lighting, hot water, and other services
required to operate a building efficiently and offer its
occupants a comfortable environment. The division supports
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applied research in the engineering phenomena surrounding the
conversion of raw energy in the form of oil, gas, and electricity
into the useful energy forms of heat, refrigeration, and 1light.
The division supports the development and revision of the DOE
test procedures for consumer products. As part of the applied
research program, the division conducts research on materials
problems that are key to advanced technology equipment.

Materials Properties, Behavior, Characterization, or Testing

Materials for Condensing Heat Exchangers - DOE Contact Danny
C. Lim, 202-586-9130; Battelle Contact George
Stickford, 614-424-4210; Brookhaven Contact Roger
J. McDonald, 515-282-4197

o Investigation of materials feasible for use in heat
exchangers for condensing o0il- and gas-fired heating
systems.

Non-Azeotropic Refrigerant Mixtures - DOE Contact Terry
Statt, 202-586-9127; ORNL Contact Phil Fairchild,
615-574-2020

o Development of knowledge base of non-azeotropic
refrigerants for use in refrigeration systems.

o) Testing of novel mixtures to generate properties data.
New Gases/Diagnostics for High and Low Pressure Discharge

Lamps - DOE Contact John D. Ryan, 201-586-9130; GTE
Contact Dr. Jacob Maya, 617-777-2309

o Establish the viability of Laser Induced Fluorescence
(LIF) technique for measuring radial excited state
distributions in low and high pressure discharges as
well as novel discharges such as isotopically enriched
and magnetic fluid enhanced fluorescent lamps.

Device or Component Fabrication, Behavior, or Testing

Mercury Isotope Enrichment - DOE Contact John D. Ryan,
202-586-9130; LBL Contact Dr. Sam Berman, 415-486-5682

o Determination of optimum isotope mix both technically
and economically in Hg discharge lamps.

o Goal is a 10-15% efficiency improvement in test lamps.
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Zeeman Effect on Lamp Gas Plasma - DOE Contact John D. Ryan,
202-586-9130; LBL Contact Dr. Sam Berman, 415-486-5682

o ° Determination of efficiency improvements of radiation
of ultraviolet spectrum through application of a
magnetic field to the lamp discharge.

Explore Performance of New Ingredients in High Intensity
Discharge Lamps - DOE Contact John D. Ryan,
202-586-9130 and Michael Lopez, 415-273-4264; GE
Contact Dr. V.D. Roberts, 518-385-8983

o Examine the performance (efficacy, electfical
properties) of new ingredients in high intensity
discharge lamps.

Instrumentation and Facilities

Absorption Fluid Pairs Research - DOE Contact Ronald Fiskum,
202~586-9130; ORNL Contact George Privon, 615-574-1013

o Development of complete data base on known fluid pairs
over the temperature and pressure ranges of absorption
heat pumps.
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OFFICE OF INDUSTRIAL PROGRAMS

Office of Industrial Programs Grand Total
Improved Energy Productivity Division

Materials Preparation, Synthesis, Deposition, -
Growth or Forming

Corrosion Resistant Amorphous Metallic Films

- Investigation of Material for Inert Electrodes

in Aluminum Electrodeposition Cells

Materials Properties, Behavior,
Characterization or Testing

Dlagnostlc Sources of Current Inefficiency
in Industrial Molten Salt Electrolytic
Cells by Raman Spectroscopy
Expand and Control Inert Electrode Cell
' Operating Conditions

Instrumentation and Facilities

Rapid In-Situ Analysis of Molten Metal
Direct Measurement of Thermal State of Solids

Waste Enerqgy Reduction Division

Materials Properties, Behavior,
Characterization or Testing

Advanced Heat Exchanger Material Technology
Development

Assessment of Strength Limiting Flaws in
Ceramic Heat Exchanger Components

National Laboratory Support to Assessment of
Strength Limiting Flaws in Ceramic Heat
Exchanger Components

Device or Component Fabrication, Behavior or
Testing

R&D of a CVD Composite Heat Exchanger
R&D of a Ceramic Tubular Distributor Plate
for Advanced Fluidized Bed Heat Recovery

R&D of a Ceramic Fiber Composite Heat Exchanger

a3

FY 1986
4,366,300

2 125 300

400 000

200,000

' 200,000
1,285,000
".180,000

© 1,105,000

440,300

265,000
175,300

2,241,000

1,061,000

600,000
395,000

66,000

$ 1,180,000

500,000
180,000

500,000



OFFICE OF INDUSTRIAL PROGRAMS

This office supports cost-shared research and development
for industrial energy conservation technologies that offer large

potential for saving scarce fuels. It also encourages the
private sector to implement and deploy such technologies as they
are developed. Materials research is done in support of the

technologies under development, to develop materials with lower
embodied energy and to provide materials for use in equipment/
systems which can improve energy efficiency.

Improved Energy Productivity Division

This division conducts research and creates new energy
conserving processes for ore reduction, metals production, and
basic shape processing; sensing and control instrumentation;
separation processes, and new coatings.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Investigation of Material for Inert Electrodes in Aluminum
Electro-Deposition Cells - DOE Contact M. J. McMonigle,

202-586-2087; MIT Contact J. S. Haggarty, 617-253-3300

o Generation of ultra pure powders and single crystals of
candidate ceramic inert anodes using laser units and
testing via pendant droplet technique.

Corrosion Resistant Amorphous Metallic Films - DOE Contact
Robert Massey, 202-586-8668; JPL Contact Edward

Cuddihy, 818-354-3188

o Development of magnetron sputtering of MoCrB and TiCrPC
on carbon steel to provide corrosion resistant surface.

Materials Properties, Behavior, Characterization, or Testing

Diagnostic Sources of Current Inefficiency in. Industrial
Molten Salt Electrolytic Cells by Raman Spectroscopy-

DOE Contact M. J. McMonigle, 202-586-2087; MIT Contact
D. R. Sadoway, 617-253-3300.

(o} Analysis of molten salts with Raman Spectroscopy to
determine bath chemistry during electrolysis.

Expand and Control Inert Electrode Cell Operating Conditions
- DOE Contact M. J. McMonigle, 202-586-2087; MIT
Contact John Haggarty, 617-253-3487.

o Development of cermets for inert anodes and testing of
attachment techniques for TiB, stable cathode.
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Instrumentation and Facilities

Rapid In-Situ Analysis of Molten Metal - DOE Contact W. E.
Eckhart, 202-586-9549; LANL Contact L. Balir, 505-667-
6250

o Development of a laser-based system for spectrographic
analysis of 1liquid steel to provide for a faster
analytical method in order to increase productivity in
the steel industry.

Direct Measurement of Thermal State of Solids - DOE Contact
W. E. Eckhart, 202-586-9549; PNL Contact Douglas Lemon,
509-375-2306

o Use of an ultrasonic device to determine temperature
distribution in a piece of steel slab or recently
poured ingot before entering reheating furnaces.

Waste Enerqy Reduction Division

Waste Energy Reduction 1is concerned with the efficient
conversion of fuel to a more useful energy form and with the
utilization of energy embodied in waste products--solids,
liquids, and gases. This division conducts research to develop
advanced waste energy recovery technologies for the industrial
sector.

Materials Properties, Behavior, Characterization, or Testing

Advanced Heat Exchanger Material Technology Development-
DOE Contact S. Richlen, 202-586-2078; ORNL Contact E.
Long, 615-574-5172.

o Development of improved materials and fabrication
processes for advanced ceramic heat exchangers.

o Expanding the material data base for advanced ceramic
heat exchangers.

o Evaluation of corrosive waste stream constituents on
candidate ceramic materials.

le) Development of techniques for extrusion of toughened
oxide ceramic heat exchanger components.
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Assessment of Strength Limiting Flaws in Ceramic Heat
Exchanger Components - DOE Contact S. Richlen, 202-586-
2078; Babcock & Wilcox Contact T. Powers, 804-522-5038

o  Evaluation of the effect of operating environments. on
flaw populations of ceramic heat exchanger components
using advanced NDE methods.

National ILaboratory Support to Assessment of Strength

o Limiting Flaws in Ceramic_ Heat Exchanger Components-
DOE Contact S. Richlen, 202- 586-2078, Idaho National

Laboratory Contact D. Kunerth, 208-526-0103

7§l . Development of advanced NDE, test methods, and»other
' key technologies to support Babcock & Wilcox studies of
strength limiting flaws in ceramics.

Device or Component Fabrication, Behavior or Testing

" R&D of a CVD Composite Heat Exchanger - DOE Contact S.
Richlen, 202-586-2078; Thermo-Electron Co. Contact W.
Cole, 617-890-8700

6 Study of problem areas in materials and fabrication
techniques for chemical vapor deposition (CVD) of
ceramic materials on ceramic fibers. »

" R&D of a Ceramic Tubular Distributor Plate for Advanced
Fluidized Bed Heat Recovery - DOE Contact .S. Richlen,
202-586-2078; Aerojet Energy Conversion Co. Contact M.
Rudnicki, 916-355-2493

o Study ‘6f fabrication and material problems ‘of forming a
ceramic tubular distributor plate.

R&D of a Ceramlc Fiber Com9051te Heat Exchanger - DOE

Contact S. Richlen, 202-586-2078; Babcock & Wilcox
Contact W. Parks, 804-525-8660 . <

o Evaluation of critical problems of fabricating a
ceramic fiber reinforced ceramic matrix.

;o i Characterization of potential ceramic fibers and
chemical systems for matrix formation.

o Study of matrix fabrication techniques, with analytical
and exposure testing of the formed matrices.
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OFFICE OF TRANSPORTATION SYSTEMS

EY 1986
Office Of Transportation Systems Grand Total $23,657,000
Materials Preparation, Synthesis, Deposition, $ 4,683,000
Growth or Forming
Silicon Carbide Powder Synthesis 266,000
Sintered Silicon Nitride 86,000
High Pressure Sintering Furnace 91,000
SisN4 Powder Synthesis 144,000
Processing of Monolithics _ 1,365,000
Whisker Toughened Si3Nyg ' 349,000
Transformation Toughened Si3Ng4 373,000
Dispersion Toughened Si;3Ny, 347,000
Composite Development 202,000
Advanced Composites ) 10,000
Oxide Matrix Composites ' ‘ 355,000
Transformation Toughened Ceramic Processing 0
Layered Ceramic Composites 0
Sol Gel Oxide Powder : 100,000
Advanced Transformation Toughened Oxides 112,000
Injection Molded Composites 220,000
Fiber Reinforced Silicates 93,000
Low Expansion Ceramics 155,000
Active Metal Brazing PSZ-Iron _ _ : 280,000
Intermetallic Materials Development 30,000
Cast Iron Alloy Nonstrategic Elements - 105,000
Materials Properties, Behavior, Characterization $2,532,000
or Testing ‘
Adherence Coatings Deposited On Substrates 18,000
Dynamic Interfaces 196,000
Solid Lubrication Design Methodology 0
Advanced Statistical Calculations 62,000
Advanced Statistics Calculations 120,000
Physical Properties of Structural Ceramics 120,000
Translucence Engineering Ceramics - 66,000
Reliability of Structural Ceramics Literature Search 26,000
Mechanical Testing of Structural Ceramics 35,000
Characterization of Transformation-Toughened 102,000
Ceranics
Fracture Behavior of Toughened Ceramics - 166,000
Cyclic Fatigue of Toughened Ceramics 280,000
Static Behavior of Toughened Ceramics 102,000
Ceramic Corrosion Evaluation AGT 120,000
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OFFICE OF TRANSPORTATION SYSTEMS (Continued)

Materials Properties, Behavior, Characterization

or Testing (Continued)

Corrosion/Erosion Effects

Ceramic Durability Evaluation AGT
Environmental Effects In Toughened Ceramics
High Temperature Fracture Toughness Measurement
High Temperature Tensile Testing

Standard Tensile Test Development
Non-Destructive Characterization

Ceramic Component NDE Technology

Materials Characterization
Computer-Tomography

Ceramics For Stirling Engine Applications
High Temperature Creep Evaluation Stirling

Technology Transfer and Management Coordination

$

FY 1986

51,000
100,000
168,000
119,000
0
122,000
195,000
90,000
132,000
52,000
25,000
65,000

$ 1,133,000

Standard Reference Ceramic Powder 182,000
Technology Transfer Assessment, Support 311,000
Contracts, IEA
Management And Coordination 640,000
Device or Component Fabrication or Testing $14,999,000
Metal-Ceramic Joints AGT 104,000
Ceramic~Ceramic Joints AGT 103,000
Advanced Coating Technology AGT 147,000
Advanced Coating Technology AGT 259,000
Thermal Barrier Coatings 300,000
Thermal Barrier Coatings 456,000
Sliding Seal Materials for Diesel 150,000
Advanced Gas Turbine Technology (AGT-100) 6,625,000
Advanced Gas Turbine Technology (AGT-101) 6,855,000
Instrumentation and Facilities $ 310,000
HTML Preoperational Support 310,000

38



OFFICE OF TRANSPORTATION SYSTEMS

The Office of Transportation Systems has established a
number of programs to conserve energy used for transportation and
to shift transportation energy demand to non-petroleum fuels.

The Heat Engine Propulsion program is underway to provide
industry with proof-of-concepts for advanced gas turbine and
Stirling engine technologies that demonstrate improvements in
fuel efficiency and to develop technology for heavy-duty diesel
operation under uncooled minimum friction conditions,including
waste heat utilization.

The Advanced Materials Development program's objective is to
establish an industrial technology base capable of providing
reliable and cost-effective structural ceramics for application
to advanced heat engines. Project management responsibility for
the Heat Engine Highway Vehicle Systems project (gas turbine and
Stirling engines) has been delegated to the NASA Lewis Research
Center. Project management of the Ceramic Technology for
Advanced Heat Engines project (Advanced Materials Development
program) has been assigned to the Oak Ridge National Laboratory
(ORNL) .

The success of these advanced heat engine systems depends
strongly on the development of new or improved materials.
Ceramic materials are needed for the hot-flow-path components of
the advanced gas turbine and the minimum friction adiabatic
(uncooled) diesel engines, to meet operating temperature and
manufacturing cost requirements. The Stirling engine requires
low-cost iron-based alloys capable of operating at high
temperatures while exposed to high-pressure hydrogen. Material
technology development programs are underway for each of these
heat engine systems. The generic ceramic technology program
consists of three general topics: materials and processing; data
base and life prediction; and design methodology. To support the
advanced material work conducted under this and other research
programs, a High Temperature Materials Laboratory (HTML) is under
construction at ORNL.

Key elements of each program are organized and described
briefly in the following. Robert B. Schulz is the DOE contact,
(202) 586-8032, for overall coordination of the following Office
of Transportation Systems material projects.
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Materials Preparation, Synthesis, Deposition, Growth, or Forming

Silicon Carbide Powder Synthesis - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,

615-576-6832

o Develop improved, sinterable silicon carbide powder by
plasma torch system that is scalable, evironmentally
acceptable, amenable to doping, 1low-cost (<$20/1b),
submicron particle size, narrow distribution, high
surface area, and high purity.

Sintered Silicon Nitride - DOE Contact, Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; AMTL Contact G. E. Gazza, 617-923-5408

o Determine optimum sintering aid and time-temperature-
pressure for sintered Sij3Ng.

High Pressure Sintering Furnace - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,

615-576-6832; AMTL/GEO Contact G. E. Gazza,
617-923~5408 :

(o} Provide technical support for sintering of silicon
‘ nitride via on-site personnel assignment to conduct
high nitrogen pressure sintering experiments.
SijN4_ Powder Synthesis - DOE Contact Robert B. Schulz,
- 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Ford Contact G. M. Crosbie, 313-574-1208
o Develop improved, sinterable, high-purity and low-cost

silicon nitride powder, involving a low temperature
reaction of silicon tetrachloride with liquid ammonia
to form a diimide silicon nitride precursor.

Processing Of Monolithics - DOE Contact Robert B. Schulz,
202-586~8032; ORNL Contact D. Ray Johnson,
615-576-6832; Contractor Contact New procurement in
1987

o) Develop advanced, cost-effective, near-net-shape
processing methods that result in dense, high
performance ceramics with fewer and smaller flaws than
state-of-the-art.

o Develop materials with high Weibull modulus and good
high-temperature strength.
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Whisker Toughened SijiN4 - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Air Research Casting Contact H. C. Yeh,
213-618-7449

o Develop high toughness, high strength, refractory
ceramic matrix composites which are amenable to
low-cost near-net-shape forming for application as
structural components in automotive engines.

Transformation Toughened SijN; - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact .D. Ray Johnson,
615-576-6832; Rockwell, Rocketdyne Div. Contact H. W.
Carpenter, 818-700-3411

o Develop a transformation-toughened silicon nitride
matrix composite based on a commercially available
silicon nitride powder and a proprietary hafnia-rich
mixed oxide toughened agent. _

o Develop a low-cost, near-net-shape prbcess (injection
molding).

Dispersion Toughened SijN, - DOE Contact Robert B. Schulz,
‘ 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; GTE Contact S. T. Buljan, 617-890-8460

o Development of whisker-and particulate-toughened
silicon nitride matrix ceramics for AGT applications.

Composite Development - DOE Contact Robert B; Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Norton Contact C. A. Ebel, 617-393-5950

o Development. of toughened silicon nitride composites by
glass encapsulated hot isostatic pressure.

Advanced Composites - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; University Of Michigan Contact T. Y.
Tien, 313-764-9449

o] Study feasibility of the formation of 813N4 matrix
composites containing SisN4 whiskers by transient
liquid phase sintering. :
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. Oxide Matrix Composites - DOE Contact Robert B. Schulz,

202-586~-8032; ORNL Contact D. Ray Johnson, 615-576-6832
and T. N. Tiegs, 615-574-5173

o Develop whisker-toughened alumina and mullite matrix
composites with improved strength and toughness over
monolithic oxide ceramics.

o Investigate pressureless sintering of whisker
composites.

Transformation Toughened Ceramics Processing - DOE Contact
Robert B. Schulz, 202-586-8032; ORNL Contact D. Ray
Johnson, 615-576-6832; Norton Co. Contact Giulio A.
Rossi, 617-393-6600

(o} Production of improved =zirconia toughened ceramics
(2TC) for advanced engine applications.

o Powder synthesis and characterization of the sintered
ceramics.

o Evaluation of a rapid solidification from-the-melt

powder and two chemically derived powders.

layered Ceramic Composites - DOE Contact Robert B. Schulz,

Sol

202-586-8032; ORNL Contact D. Ray Johnson,
615-576~6832; Ceramatic Contact R. A. Cutler,
801-486-5071

Develop layered ceramic composites which incorporate
zirconia as a second phase to achieve improved strength
and toughness at temperatures of up to 1000 C.

Study processing methods for fabricating these layered
composites via sintering.

Gel Oxide Powder - DOE Contact Robert B. Schulz,

202-586-8032; ORNL Contact D. Ray Johnson, 615-576-6832
and W. D. Bond, 615-574-7071

Determine processing requirements ¢to provide
homogeneous submicron dispersion of zirconia (yttria)
and zirconia (hafnia-yttria) in alumina powders and
provide coatings for silicon carbide whiskers.
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Advanced Transformation Toughened Oxides - DOE Contact

Robert B. Schulz, 202-586-8032; ORNL Contact 'D. .Ray
Johnson, 615-576-6832; AMTL/University Of Michigan
Contact T. Y. Tien, 313-764-9449

Development of low thermal conductivity transformation-
toughened alumina and mullite ceramics.

Injection Molded Composites - DOE Contact Robert B. Schulz,

202-586-8032; ORNL Contact D. Ray Johnson, 615-576-6832
and M. A. Janney, 615-574-4281

Development of advanced methods for forming ceramic
matrix composites, such as injection molding with short
burnout time.

Fiber Reinforced Silicates - DOE Contact Robert B. Schulz,

Low

202-586-8032; ORNL Contact D. Ray Johnson,
615-576~-6832; GE-Valley Forge Contact S. Musikant,
215-354-3020

Development of toughened mullite ceramic matrix
composites which are amenable to 1low cost
near-net-shape forming for adiabatic diesel
application.

Expansion Ceramics -~ DOE Contact Robert B. Schuiz,

202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Virginia Polytechnic Institute (VPI)
Contact J. J. Brown, Jr., 703-961-6640

Develop an isotropic, ultra-low expansion ceramic which
can be used above 1200 degrees centigrade and which is
relatively inexpensive.

Active Metal Brazing PSZ-Iron - DOE Contact Robert B.

Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832 and M. L. Santella, 615-574-4805

Develop brazing processes for Jjoining ceramic
components to nodular cast iron for adiabatic diesel
application.

Intermetallic Materials Development - DOE Contact Patrick L.

Sutton, 202-586-8012; NASA LeRC Contact Joseph R.
Stephens, 216-433-3195

Investigate intermetallic compounds as potential
materials for advanced Stirling engines.
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Cast Iron Alloy Nonstrategic Elements - DOE Contact Patrick
L.. Sutton, 202-586-8032; NASA LeRC Contact C. M.

Schevermann, 216-433-3205; United Technology Research
Center Contact F. D. Lemkey, 203-727-7318

o Identify a ferrous alloy for the automotive Stirling
engine cylinder and regenerator housings which contains
only nonstrategic materials.

Materials, Properties, Behavior, Characterization,.or Testing

Adherence Coatings Deposited On Substrates - DOE Contact
Robert B. Schulz, 202-586-8032; ORNL Contact D. Ray

Johnson, 615-576-6832; University of Tennessee Contact
J. E. Stoneking, 615-974-2171

o Conduct studies on adherence of coatlngs dep051ted on
substrates subjected to ion beam mixing.

Dynamic Interfaces - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576~6832; Battelle Columbus Labs Contact K. F.
Dufrane, 614-424-4618

o Develop generic understanding of the friction and wear
behavior of material interfaced between monolithic
ceramics and ceramic-coated alloys in which the
materials experience motion as in adiabatic diesel

engines.
Solid Iubrication Design Methodology - DOE Contact John

Fairbanks, 202-586-8012; NASA LeRC Contact James C.
Wood, 216-433-3419; SKF Industries Contact R. A.
Pallini '

o Develop a design methodology for solid 1lubricated
rolling element bearing contacts operating at
conditions representative of high temperature insulated
diesel engines.

Advanced Statistical Calculations - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832 and W. P. Eatherly, 615-574-5220

o) Develop advanced statistical tools for characterization

strength of structural ceramics in a meaningful and
realistic way for use in design codes.
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Advanced Statistics Calculations - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; GE Labs Contact €. A. Johnson,
518=-387-6421

o Develop advanced statistical techniques for describing
and characterizing frequency distributions of strength
in realistic cases of multiple and time-dependent

distributions.
Physical Properties of Structural Ceramics - DOE Contact

Robert B. Schulz, 202-586-8032; ORNL Contact D. Ray
Johnson, 615-576-6832 and D. L. McElroy, 615-574-5976

o Develop an improved understanding of the factors which
determine the thermal conductiveness of structural
ceramics at high temperatures.

Translucence Engineering Ceramics - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Integral Technologies (ITI) Contact
Thomas Morel, 312-789-0003

o Evaluate effects of translucence on diesel engines that
use ceramics for heat barriers.

Reliability of Structural Ceramics Literature Search - DOE
Contact Robert B. Schulz, 202-586-8032; ORNL Contact D.
Ray Johnson, 615-576-6832; University Of Tennessee
Contact J. A. M. Boulet, 615-974-8376

o Literature survey of ceramic life prediction models.
Mechanical Testing of Structural Ceramics - DOE Contact

Robert B. Schulz, 202-586-8032; ORNL Contact D. Ray
Johnson, 615-576-6832 and M. K. Booker, 615-574-5113

o ~Develop a computer data base of mechanical property
data generated in the program. '

Characterization of Transformation Toughened Ceramics - DOE
Contact Robert B. Schulz, 202-586-8032; ORNL Contact D.

Ray Johnson, 615-576-6832; AMTL Contact Jeffrey J.
Swab, 617-923-5410

o Determine the effect of time-at-temperature on
toughened oxide ceramics especially zirconia and
alumina zirconia materials.

o Screen advanced and experimental toughened oxide
ceramics.
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Fracture Behavior of Toughened Ceramics - DOE Contact Robert
' B. Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832 and P. F. Becher, 615-574-5157

o Characterize the high-temperature strength and
toughness of state-of-the-art structural ceramics for
heat engine applications.

Ccyclic Fatique of Toughened Ceramics - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832 and K. C. Liu, 615-574-5116

o] Develop and demonstrate the capability of performing
uniaxial tension-tension dynamic fatigue testing of
structural ceramics at elevated temperatures.

Static Behavior Of Toughened Ceramics - DOE Contact Robert
B. Schulz, 202-586-8032; ORNL Contact Victor J.

Tennery, 615-574-5123; University of Illinois Contact
M. K. Ferber, 217-333-7579

o Study the long-term mechanical stability of toughened
ceramics for diesel engine applications.

Ceramic_Corrosion Evaluation AGT - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615~-576-6832; NASA LeRC Contact Carl A. Stearns,
216—-433~-5500

o Determine the effects of fuel and ingested impurities
on the most promising of the durability tested ceramic
materials.

Corrosion/Erosion Effects - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; NBS Contact S. M. Wiederhorn, 301-975-
2000

o Characterize the behavior of AGT materials subjected to
corrosion by salts in combustion air and/or alternate
fuels combined with erosion by combustion.

Ceramic Durability Evaluation AGT - DOE Contact Saunders B.
Kramer, 202-586-8012; NASA LeRC Contact Sunil Dutta,
216-433-3282; Garrett Turbine Engine Contact K. W.
Benn, 602-231-4373

o Assess the capability of ceramic materials to perform
satisfactorily at temperatures and exposure times
defined for automotive turbine engines.
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Environmental Effects In Toughened Ceramics - DOE Contact
Robert B. Schulz, 202-586-8032; ORNL Contact Victor J.

Tennery, 615-~574-5123; University of Dayton Contact N.
L. Hecht, 513-229-4341

o Investigate effects of water vapor (in combustion gas
from adiabatic diesel) on time-dependent strength of
transformation-toughened ceramics.

High Temperature Fracture Toughness Measurement - DOE
Contact Robert B. Schulz, 202-586-8032; ORNL Contact

Victor J. Tennery, 615-574-5123; University Of
Washington Contact R. C. Bradt, 206-543-2600

o Develop and demonstrate improved fracture toughness
test(s).
High Temperature Tensile Testing - DOE Contact Robert B.

Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; North Carolina A&T State University
Contact V. S. Avva, 919-334-7620

o Test and evaluate advanced ceramic materials at
temperatures up to 1500°C in uniaxial tension.

Standard Tensile Test Development - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; NBS Contact S. M. Widerhorn, 301-921-2901

o Development of tensile test standards for charac-
terizing strength and creep behavior of ceranic
specimens at elevated temperature.

Non-Destructive Characterization - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832 and R. W. McClung, 615-574-4466

o Develop and demonstrate non-destructive
characterization tools for structural ceramics.

Ceramic Component NDE Technology - DOE Contact Saunders B.
Kramer, 202-586-8012; NASA LeRC Contact Alex Vary,
216~-433-6019

o Identify and develop NDE techniques for ceramic heat
engine components.
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Materials Characterization - DOE Contact Robert B. Schulz,
202-586-8012; ORNL Contact D. Ray Johnson,
615-576-6832; AMTL Contact J. W. McCauley, 617-923-5238

o Develop a quantifiable powder characterization database
) and methodology for intelligent processing of reliable
engineering ceramics.

Computer-Tomography - DOE . Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Argonne National Lab Contact W. A.
Ellingson, 312-972-5068

o) Develop X-ray beam hardening corrections for
polychromatic X-ray sources when used with computed
tomography machines to inspect structural ceramics, and
develop appropriate test phantoms for calibration of
polychromatic X-ray source CT scanners when used to
inspect ceramic materials.

Ceramics For Stirling Engine Applications - DOE Contact
Patrick L. Sutton, 202-586-8012; NASA LeRC Contact Tom
Herbell, 216-433-3246

o Assess the potential of several candidate ceramics for
application to sStirling engines, with emphasis on
mullite.

High Temperature Creep Evaluation Stirling - DOE Contact

Patrick L. Sutton, 202-586-8012; NASA LeRC Contact R.
H. Titran, 216-433-3198

o Evaluate the effects of brazing cycle and alloy
composition on creep-rupture properties at Stirling
engine operating temperatures. '

Technology Transfer and Management Coordination

Standard Reference Ceramic Powder - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; NBS Contact A. L. Dragoo, 301-975-2000

o Develop standard reference material from the ceramic
powder chosen by the U. S. consulting committee for the
IEA agreement.

Technology Transfer Assessment, Support Contracts, IEA - DOE
Contact Robert B. Schulz, 202-586-8032; ORNL Contact D.
Ray Johnson, 615-576-6832

o Facilitate the transfer of technology to private
industry.
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Management And Coordination - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson, 615-576-6832

o Assess the ceramic technology needs for advanced
automotive head engines, formulate technical plans to
meet these needs, and prioritize and implement a
long-range research and development program.

Device or Component Fabrication or Testing

Metal-Ceramic Joints - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson, 615-576-6832

o Development of the technology required to reliably join
advanced gas turbine (AGT) ceramic rotors to the
high-temperature alloy rotor shafts.

Ceramic-Ceramic Joints AGT - DOE Contact Robert B. Schulz,
202-586-8032; ORNL Contact D. Ray Johnson, 615-576-6832

o Develop appropriate technology for reliable silicon
carbide/silicon carbide and silicon nitride/silicon
nitride joints.

Advanced Coating Technology AGT - DOE Contact Robert B.
Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; Vapor Technologies, Inc. Contact E.
Pinkhasov, 914-664-1495

o Develop an oxidation resistant by the low temperature
arc vapor process adherent coating for SiC and Sij3Ng
that will reduce contact stress between ceramic parts.

Advanced Coating Technology AGT - DOE Contact Robert B.
* Schulz, 202-586-8032; ORNL Contact D. Ray Johnson,
615-576-6832; GTE Contact V. K. Sarin, 617-890-8460

o Development of coating compositions and procedures that
will yield long term adherence and reduce or eliminate
contact-stress damage to silicon nitride, silicon
carbide, or other ceramic materials when utilized in
advanced gas turbine engines. Multiple/graded coatings
will be applied by computer controlled CVD process.

Thermal Barrier Coatings - DOE Contact John Fairbanks, 202--
586-8012; NASA LeRC Contact M. Murray Bailey,
216~433-3416; Cummins Contact Thomas M. Yonushonis,
812-377-7078

o Develop a thermal barrier coating with enhanced
durability for application in advanced diesel engines.
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Thermal Barrier Coatings - DOE Contact John Fairbanks, 202--
586-8012; NASA LeRC Contact M. Murray Bailey,
216-433-3416; Caterpillar, Inc. Contact H. J. Larson,
309-578-6549

o Develop a thermal barrier coating with enhanced
durability for application in advanced diesel engines.

Sliding Seal Materials for Diesel - DOE Contact John
Fairbanks, 202-586-~8012; NASA LeRC Contact Howard

Yacobucci, 216-433-3415; Southwest Research Institute
Contact J. Lankford, 512-684-5111

o Refine the information base on carbide seal/ceramic
cylinder 1liner combinations for wuse in the high
performance near-adiabatic diesel engine.

Advanced Gas Turbine Engine Technology (AGT-100) - DOE
Contact Saunders B. Kramer 202-586-8012; NASA LeRC
Contact P. Kerwin, 216-586-3409; General Motors,
Allison Gas Turbine Division Co. Contact H. E. Helms,
317-242-5355

o Develop an advanced technology base applicable to a
competitive automotive gas turbine engine.

Advanced Gas Turbine Engine Technology (AGT-101) =~ DOE
Contact Saunders B. Kramer, 202-586-8012; NASA LeRC

Contact T. N. Strom, 216-433-3408; Garret Turbine
Engine Contact E. E. Strain, 602-231-2797

) Develop an advanced technology base applicable to a
competitive automotive gas turbine engine.

Instrumentation and Facilities

HTML Preoperational Support - DOE Contact William McDonough,
202-586-8032; ORNL Contact V. J. Tennery, 615-574-5123

o Provide preoperational support for the high temperature
materials lab (HTML) in FY 1985.
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OFFICE OF ENERGY STORAGE AND DISTRIBUTION

FY 1986

Office of Energy Storage and Distribution $ 6,809,000
Grand Total '

Enerqgy Storage $ 4,189,000

Materials Preparation, Synthesis, Deposition, $ 3,148,000

Growth or Forming

Hydrogen Technology Evaluation Center 50,000

Medium Temperature Solid Electrolytes - Proton 125,000
Conductors

Ceramics Research 1,300,000

Metals and Alloys 500,000

Organometallic Compounds 300,000

Polymers 300,000

Composite High Temperature Thermal Storage Media 350,000

Formation of Encapsulated Metallic Eutectic 100,000
Thermal Storage Alloy

Materials for Advanced High-Temperature Molten 20,000
Salt Storage

Water Electrolysis with Protonic Beta" Alumina 53,000
Electrochemical Cells

Hydrogen Production with Photoactive 50,000

Semiconductor Catalysts

Materials Properties, Behavior,

Characterization, or Testing

$ 1,036,000

Solid State Radiative Heat Pump 50,000

Use of Micro Particles as Heat Exchangers and 50,000
Catalysts

Formation and Dissolution of Gas Clathrates 150,000

Evaluation of Advanced Thermal Energy Storage 350,000
Media

High Temperature Water Electrolysis 200,000

Hydrogen Embrittlement of Pipeline Steels 16,000

Geochemical Stability of Sandstones 60,000

Metal-Assisted Cold Storage (MACS) of Hydrogen on 135,000
Activated cCarbon

Electrochemical Techniques for H, Storage in Metal 20,000
Hydrides

Advanced Hydrogen Storage - Modified Vanadium 5,000

Hydride
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OFFICE OF ENERGY STORAGE AND DISTRIBUTION (Continued)

Instrumentation and Facilities

Analysis of Zeolite Augmented Ice Storage

Electric Enerqy Systems

Materials Properties,

Behavior,

Characterization or

Testing

High Voltage Breakdown Strengths of Insulating

Gases and Liquids

Factors Influencing Aging in Extruded Dielectrics

Threshold and Maximum Operating Electric Stresses
for Selected High Voltage Insulations

Multifactor Aging and Evaluation of Polymeric

Materials

Solid Dielectrics and Interfacial Breakdown
Investigation of Interfacial Phenomena in

Compressed Gases

Interfacial Aging Phenomena in Power Cable

Insulation Systems

Study of Dynamic Insulation with Advanced Metal

Oxide (2n0) Materi

Development of Amorphous Ferromagnetic Alloy for

Motors and Transfo

Device or Component Fabrication, Behavior or

als

rmers

Testing

AC Superconducting Power Transmission Cable

Development
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OFFICE OF ENERGY STORAGE AND DISTRIBUTION

Energy Storage

- The Energy Storage program supports research and development
of advanced energy storage and electrochemical conversion systems
that will facilitate the substitution of o0il and gas fuels by
nuclear and renewable energy sources, and will increase the
reliability and efficiency of the energy economy. The research
is divided 1into three subprograms: Electrochemical Energy
Storage, Thermal Energy Storage and Chemical/Hydrogen Energy
Storage.

Materials Preparation,'Synthesis, ﬁegositipn, Growth or Forming

Hydrogen Technology Evaluation Center - DOE Contact
M. Gurevich, 202-586-1495; BNL Contact P.D. Metz,

516-282-3123

o Operation of a hydrogen test/simulation facility which
includes a 5 kW photovoltaic array and a 15 kW
Hamilton-Standard (General Electric) SPE electrolyzer.

o Evaluation of a metal hydfide hydrogen compressor
provided by Ergenics, Inc. in both the closed and open
cycle modes.

Medium Temperature SolidbElectrolvtes - Proton Conductors -
DOE Contact M. Gurevich, 202-586-1495; BNL Contact C.
Linkous, 516-282-7949

o Investigation of candidate electrolytes capable of
operating in 300-600°C temperature regime.

Water Electrolysis with Protonic Beta" Alumina
Electrochemical Cells - DOE Contact M. Gurevich,

202-586-1495; University of Pennsylvania
Contact G. Farrington, 215-898-8337

(o} Preparation and evaluation of proton (or hydronium ion)
conducting membranes suitable for use in medium
temperature (300-600°C) water vapor electrolysis.

Hydrogen Production with Photoactive Semiconductor Catalysts
- DOE Contact M. Gurevich, 202-586-1495; Battelle

Columbus Lab Contact R. Schwerzel, 614-~424-5637

o Obtain metallized plasma-polymerized films of suitable
transparency and conductivity that exhibit stable long
life and are compatible with the semiconductor band gap
requirements for photo-assisted electrolysis.
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o Characterization of single-crystal and powdered
photocatalysts wusing advanced coatings prior to
conducting aqueous electrolysis experiments.

Ceramics Research - DOE Contact A. Landgrebe, 202-586-1483;
ILBL. Contact E. Cairns, 415-486-5028; SNL Contact R.
Clark, 505-844-6332

o) Develop superconducting ionic materials.

o Investigate materials for electrochemical corrosion
prevention in batteries.

Metals and Alloys - DOE Contact A. Landgrebe, 202-586-1483;
LBL Contact E. Cairns, 415-486-5028

o Evaluate aluminum alloys for use as negative electrodes
in aluminum-air batteries.

o Assess platinum alloys prepared for use as
electrocatalysts in fuel <cells and aluminum/air
batteries.

Organometallic Compounds - DOE Contact A. Landgrebe,

202-586-1483; Eltech Systems Corporation Contact R. W.
Fenn, 216-357-4075

o Develop macrocyclic compounds of transition metals for
use as electrocatalysts in fuel cells.

Polymers - DOE Contact A. Landgrebe, 202-586-1483; LBL
- Contact E. Cairns, 415-486-5028

o Design electronically and ionically conducting polymers
for use as electrodes and electrolytes in batteries and
fuel cells.

Conmposite High Temperature Thermal Storage Media - DOE
Contact Eberhart Reimers, 202-586-4844; IGT Contact
Randy Petri, 312-567-3985

o) Development of prototype fabrication process for
impregnating ceramic powder (MgO, NaAlO,, LiAlO,) with
carbonate salts for thermal storage pellet.
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Formation of Encapsulated Metallic Eutectic Thermal Storage
Alloy - DOE Contact Eberhart Reimers, 202-586-4844;

Ohio State University Contact Prof. Robert Rapp,
614-422-2491

o Develop a method of achieving an impermeable coating on
pellets of metallic eutectic with high melting
temperatures for latent heat thermal energy storage.

Materials for Advanced High Temperature Molten Salt Storage
- DOE Contact M. Gurevich, 202-586-1507; SERI Contact

B. Goodman, 303-231-1005

o Evaluation of candidate materials for a conical molten
salt hot storage tank.

o Determination of the coefficient of friction between
the hot tank liner and wall using a glass fiber mat, a
ceramic fiber blanket, and stainless steel knitted-wire
mesh as interface materials.

o Application of conical hot storage tank concept to a
carbonate salt systen.

Materials Properties, Behavior, Characterization, or Testing

High Temperature Water Electrolysis - DOE Contact
M. Gurevich, 202-586-1495; Westinghouse R&D Center

Contact N. Mascalick, 412-256-2020

o Development of solid oxide electrolyte cells operated
in the high temperature electrolysis mode at 1000°C for
hydrogen production.

Hydrogen Embrittlement of Pipeline Steels - DOE Contact
M. Gurevich, 202-586-1495; Battelle Columbus Contact

J. Holbrook, 614-424-4347

o Conduct laboratory and pipeline tests to quantify
hydrogen embrittlement of pipeline steels under low
cycle fatigue conditions.

o] Identification of inhibitors to reduce/eliminate H,
embrittlement and characterization of chemical reaction
mechanisms.
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Metal-Assisted Cold Storage (MACS) of Hydrogen on_ Activated
Carbon - DOE Contact M. Gurevich, 202-586-1495;
Syracuse University Contact J. Schwartz, 315-423-2807

o Operation of macrobalance apparatus at cryogenic
temperatures to permit verification of enhanced
hydrogen storage on catalyzed activated carbons.

o Identify optimum carbon/catalyst system useful in the
operating temperature-pressure ranges appropriate to
vehicle applications.

Electrochemical Techniques for H,_Storage in Metal Hydrides
- DOE Contact M. Gurevich, 202-586-1495; Stanford
University Contact R. Huggins, 415-497-4110

o Study of a low melting organometallic salt (NaAlEt,)
saturated with NaH in which the H- ions act as hydrogen
transmitters.

o Investigate alternate systems aiming for compatibility
between electrolytes, H- ion carrier, alloy electrodes
and useful operating P-C-T conditions.

Advanced Hydrogen Storage - Modified Vanadium Hydride - DOE
Contact M. Gurevich, 202-586-1495; Allied Corporation

Contact G. Libowitz, 201-455-9571

o Studying desorption of hydrogen at conditions
compatible with practical applications.

o Study substitutional metals to allow hydrogen
desorption at pressures above 1 atm at temperatures of
175°C to bring two P-C-T plateaus closer together.

Solid State Radiative Heat Pump - DOE Contact Eberhart
Reimers, 202-586-4563; LBL Contact Paul Berdal, 415-

486-5278

o Investigation of a cooling effect using galvanometric
luminescence from indium-antimonide.

Use of Micro Particles as Heat Exchangers and Catalysts-
DOE Contact Eberhart Reimbers, 202-586-4563; LBL
Contact Arlon Hunt, 415-586-5370

o Measurement of dissociated fraction for 503 =-=> S0, +
1/2 0, when concentrated sunlight is absorbed by a
gas/particle mixture.
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Formation and Dissolution of Gas Clathrates -~ DOE Contact
Eberhart Reimers, 202-586-4563; ORNL Contact Jim Martin
615-576-3977.

o Study of use of gas clathrates of mixed refrigerants
for thermal energy storage for air conditioners and
heat pumps.

Evaluation of Advanced Thermal Eneray Storage Media - DOE
contact Eberhart Reimers, 202-586-4563; ORNL Contact

Jim Martin 615-576-3977.

o Development of dual temperature TES media for heat and
chill storage.

o Evaluation of heats of mixing and crystallization in
multi-component solutions.

o ~ Determine phase behavior of selected singly-complexing
and nultiply-complexing ammoniated salts in phase
regions appropriate to dual temperature storage.

Geochemical Stability of Sandstones - DOE Contact Eberhart
Reimers, 202-586-4563; PNL Contact Landis Kannberg,

509-375-3919.

(o] Laboratory testing and analysis of the effects of 150°C
water flowing through porous sandstones under pressure.

Instrumentation and Facilities

Analysis of Zeolite Augmented Ice Storage - DOE Contact
Eberhart Reimers, 202-586-4844; PNL Contact . Landis

Kannberg, 509-375-3919

o) Facility for testing solar regenerated zeolites for
augmenting the chill obtained from seasonally stored
ice by using heat of sublimation rather than simply
heat of fusion.

o Facility will involve cyclic absorptive capacity of
several types of zeolites under highly varied operating
conditions.

Electric Energy Systems

The EES program supports R&D to expedite the development of
high-risk, long-term payback technologies which have a signifi-
cant potential for improving the reliability, efficiency, and
. safety of the nation's electrical energy system. Research is
also conducted in technologies for integrating new electrical
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energy sources (dispersed generation and storage) into the grid.
DOE contact is Russell Eaton, 202-586-4844.

Materials Properties, Behavior, Characterization, or Testing

High Voltage Breakdown Strengths of Insulating Gases and
Liquids - DOE Contact Russell Eaton, 202-586-4844; ORNL
Contact Lucas Christophorou, 615-574-6199

o Determine physiochemical factors of breakdown strength
of gaseous and liquid dielectrics

Factors Influencing Aging in Extruded Dielectrics - DOE
Contact Russell Eaton, 202-586-4844; Battelle Columbus

Contact Mike Epstein, 614-424-6424

o Identify aging mechanisms of extruded dielectrics using
advanced techniques, such as thermally stimulated
currents, mechanical spectroscopy, and differential
scanning calorimetry.

Threshold and Maximum Operating Electric Stresses for
Selected High Voltage Insulations - DOE Contact Russell

Eaton, 202-586-4844; Cable Technology Lab Contact
Carlos Katz, 201-846-3220

o Determine threshold voltage and maximum operating
electric field strengths for selected high voltage
insulation systems

Multifactor Aging and Evaluation of Polymeric Materials -
DOE Contact Russell Eaton, 202-586-4844; ORNL Contact

Steinar Dale, 615-574-4829

o Investigate aging of polymeric film materials. The
aging will be done under combined mechanical,
electrical, and thermal stresses, as well as under
single stress application. The materials will be
periodically analyzed for characteristic changes.

Solid Dielectrics and Interfacial Breakdown - DOE Contact
Russell Eaton, 202-586-4844; ORNL Contact Steinar Dale,
615-574-4829

o Investigate electron and ion transports across
interfaces between a s0lid dielectric and metal.
Effects of electric fields, impurities, defects, and
microstructures at the interfaces will be studied.
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Investigation of Interfacial Phenomena in Compressed Gases -
DOE Contact Russell Eaton, 202-586-4844; ORNL Contact

Steinar Dale, 415-574-4829

o Investigate the initiation and propagation mechanisms
of surface discharges along insulators in compressed
gases. Measurements will be made of the secondary
yield coefficients from insulator surfaces in the Nj
and SFg. Models of the discharge propagation will be
made.

Interfacial Aging Phenomena in Power Cable Insulation
Systems - DOE Contact Russell Eaton, 202-586-4844; ORNL
Contact Steinar Dale, 415-574-4829

o Investigate aging of semi-conducting/polymer insulator
interfaces. Phase II will be initiated using purified
materials of semi-conducting shields. Union Carbide
has agreed to supply the required varieties of
materials.

Study of Dynamic Insulation with Advanced Metal Oxide (Zn0)
Materials - DOE Contact 'Russell Eaton, 202-586-4844;

ORNL Contact Steinar Dale, 415-574-4829

o Determine performance of ORNL-developed sol-gel 2ZnO
material in overhead line insulators. The performance
will be compared with insulators made of commercial ZnO
material, studied in FY 84 and FY 85.

Development of Amorphous Ferromaqnetic Alloy for Motors and
Transformers - DOE Contact Russell Eaton, 202-586-4844;
ORNL Contact Steinar Dale, 615-574-4829

o Investigate micro-alloying of Fe- and Ni-based metallic
glasses. A major effort will be to develop understand-
ing of the mechanism by which cerium additions affect
the mechanical and magnetic properties. Other elements
which can improve the embrittlement problem in metallic
glasses will also be investigated.

Device or Component Fabrication, Behavior, or Testing

AC Superconducting Power Transmission Cable Development-
DOE Contact Russell Eaton, 202-586-4844; BNL Contact
E. Forsyth, 516-282-4676

o Develop underground AC superconducting cable system
(138 kV, 4000 A) employing superconducting Nb3Sn tape
and insulation consisting of synthetic tape impregnated
with supercritical helium.
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Develop underground transmission cables using
oil-impregnated, fully synthetic insulating tapes as an
alternative to conventional oil-impregnated kraft paper
‘insulation used throughout the cable industry.
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OFFICE OF SOLAR HEAT TECHNOLOGIES

FY_1986

Office of Solar Heat Technologies Grand Total $ 3,837,000
Solar Buildings Technolo Division $ 2,136,000
Materials Preparation, Synthetic, Deposition $ 1,093,000
Growth or Formation
Thermochromic Materials 248,000
Optical Switching Aperatures 180,000
Optical Switching Materials 100,000
Transparent Insulating Materials 60,000
Phase Change Thermal Storage Materials 505,000
Materials Properties, Behavior, $ 918,000
Characterization or Testing
Daylight Enhancement 100,000
Low-Emittance, High Transmittance Materials 100,000
Thin Film Materials Research 248,000
Sorption Studies of Desiccant Materials 340,000
Advanced Desiccant Materials 130,000
Device or Component Fabrication, Behavior or $ 125,000
Testing
Evaluation of Aperture Glazing Materials 125,000
Solar Thermal Technoloqy Division $ 1,701,000
Materials Preparation, Synthesis, Deposition, $ 962,000
Growth, or Forming
Silver/Polymer Reflector Research 721,000
Front Surface Reflector on Metal Substrates 241,000
Materials Properties, Behavior, $ 739,000
Characterization or Testing
High Temperature Materials 352,000
Composite Materials for Concentrators 100,000
High Flux Effects on Materials 287,000
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OFFICE OF SOLAR HEAT TECHNOLOGIES

Solar Buildings Technoloqy Division

The mission of the Solar Buildings Technology Program is to
support the national energy policy goal of fostering an adequate
energy supply at reasonable costs by providing for the develop-
ment of solar building technologies. The program goal is to
provide industry with the technology base needed to develop solar
enerqgy products and designs which are economically competitive
and can contribute significantly to building energy supplies.
These goals translated into technology objectives are to:

o

Develop solar energy technologies that supply up to 80
percent of building space heating, hot water, cooling,
and 1lighting requirements at competitive costs when
integrated with conventional energy conserving
technologies.

Assist 1industry to improve component, system
reliability and durability to achieve acceptable
performance and equipment service life.

Materials Preparation, Synthetic, Deposition, Growth or Forming

Thermochromic Materials - DOE Contact Ted Kurkowski, 202-

586-1788; DOE SAN Contact Janet Neville, 415-273-6362

o Evaluate Thermochromatic Materials doped so as to
decrease their transition temperature.

Optical Switching Apertures - DOE Contact Ted Kurkowski,
202-586-1788; SERI Contact Dave Benson, 303-231-1162

o Evaluate the feasibility of wusing solid state

electrochromic coatings to control transmittance
through apertures in heated buildings.

Optical Switching Materials - DOE Contact Ted Kurkowski,

202-586-1788; LBL Contact Carl M. Lampert, 415-486-6093
Research and synthesize new electrochromic materials
(e.g., NiOy) with broad band and response
characteristics.

Identify and synthesize potential compounds that
exhibit photochromic or thermochromic properties.
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Transparent Insulating Materials - DOE Contact Ted

o]

Kurkowski, 202-586-1788; LBL Contact Arlon Hunt, 415-
486-5370

Investigation of optical, thermal, and structural
properties of silica aerogel.

Phase Change Thermal Storage Materials - DOE Contact Ted

Kurkowski, 202-586-1788; SERI Contact Dave Benson, 303-
231-1162

Study of solid state phase change materials (SS PCM's)
for use 1in thermal energy storage components of
buildings. :

Materials Properties, Behavior, Characterization, or Testing

Daylight Enhancement - DOE Contact Ted Xurkowski, 202-586-

o

1788; LBL Contact Mike Rubin, 415-486-7124

Development of light guide materials and systems which
collect and transmit daylight.

Low-Emittance, High-Transmittahce Materials - DOE Contact

Ted Kurkowski, 202-586-~1788; LBL Contact Mike Rubin,
415-486-7124

o Identify, characterize and produce intrinsically
durable low-emittance coatings with improved optical
and thermal properties.

Thin Film Materials Research - DOE Contact John Goldsmith,
202-586-8779; SAN Operations Office Contact Janet
Neville, 415-273-6362

o Identification of appropriate polymeric glazing

materials, absorber laminates and adhesives and
fabrication techniques to make a practical, durable and
low cost thin film collector.

Sorption Studies of Desiccant Materials - DOE Contact John

Goldsmith, 202-586-8779; SERI Contact Frederica
Zangrando, 303-231-1761

Measure adsorption/desorption characteristics of

promising desiccant materials as a function of physical
properties, geometry, and operating environment.
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Advanced Desiccant Materials - DOE Contact John Goldsmith,
202-586-8779; SERI Contact A. Czanderna, 303-231-1240

o Determine how the desired sorption performance of
desiccant materials can be predicted.

o Conduct desiccant analysis and materials research in
enhanced heat and mass diffusion rates.

Device or Component Fabrication, Behavior, or Testing

Evaluation of Aperture Glazing Materials - DOE Contact Ted
Kurkowski, 202-586-1788; LBL Contact

o Develop and evaluate methods for determining the
performance and durability of low-emittance glazing
materials.

o Characterize the energy savings potential for low-

emittance windows by measuring thermal performance
under realistic field conditions.

Solar Thermal Technology Division

Solar Thermal Technology is developing central receivers,
parabolic dishes, and parabolic troughs to concentrate the sun's
energy. This concentrated energy can then be used for industrial
process heat, generating electricity, or producing fuels and
chemicals. The combination of concentrated direct solar flux (to
2000 suns) and high temperature (to 2000°F) cause unique
materials problems that are now being characterized in areas of
heat transfer fluids, metals, ceramics, and windows. In
addition, the solar caused degradation of silvered polymers is
also being studied with the objective being a highly reflective,
environmentally stable, low-cost reflector.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Silver/Polymer Reflector Research - DOE Contact Frank

Wilkins, 202-586-1684; SERI Contact Daniel M. Blake,
303f231-1202 :

o Develop understanding of degradation mechanisms in
candidate polymer/silver combinations.

o Identify silvered polymers that have a useful life of
5-10 years, at least a 90% reflectance and low cost.

o Modify polymers using two approaches - bulk
stabilization and surface modification.
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o Improve durability of polymers in solar thermal
applications. :

Materials Properties, Behavior, Characterization, or Testing .

High Temperature Materials - DOE Contact Frank Wilkins,
: 202-586-1684; SERI Contact ' Daniel M. Blake,

303-231-1202

o Characterize the phase diagrams of mixed carbonate:
salts from 500°C to 900°cC.

o Establish the stability 1limits of suspensions of metal
oxide powders in molten nitrate salt mixtures.

o Identify and define failure modes of metal tubes that
have been subjected to high flux, high temperature, and
thermal cycling.

o Investigate durability of ceramic and metallic parts
under cyclic heating typical of solar thermal systems.

High Flux Effects on Materials -~ DOE Contact Frank Wilkins, .=
202~-586-1684; SERI Contact Daniel M. Blake,
303-231-1222 i : ‘ :

o - Investigate high flux photo-enhanced degradatlon ‘of
materials, and identify possible changes in coatlngs to -
reduce these effects. s

o] -Characterize the effects of high solar flux on carbon :
fibers and carbon-carbon comp051tes. g

o Compare the effects on materlals caused by heat only-
with those produced by high solar flux. A -

Front Surface Reflector on Metal Substrates - DOE Contact .
Frank Wilkins, 202-586-1684; SERI Contact Danlel M.
Blake, 303-231-1202

o Identify the production steps which' 1limit the surface
smoothness for stainless steel.

o Produce sample runs of rolled stainless steel with
state-of-the- art smoothness.

Conmposite Materials for Concentrators - DOE Contact Frank
Wilkins, 202-586-1684; SERI Contact Daniel M. Blake,

303-231-1202

o Determine feasibility of wusing advanced composite
materials and wood laminates for low cost heliostats.
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OFFICE OF SOLAR ELECTRIC TECHNOLOGIES

FY 1986
Office of Solar Electric Technologies Grand Total $23,900,000
Photovoltaic Energy Technology Division $23,900,000
Materials Preparation, Synthesis, Deposition, $19,100,000
Growth, or Formin
Amorphous Silicon for Solar Cells 10,000,000
Polycrystalline Thin Film Materials 4,600,000
for Solar Cells
Growth of Silicon Ribbons For Solar Cells 1,000,000
Deposition of III-V Semiconductors for High- 3,500,000
Efficiency Solar Cells «
Materials Properties, Behavior, $ 3,000,000
Characterization or Testing
Materials and Device Characterization 3,000,000
Device or Component Fabrication, Behavior, or $ 1,800,000
Testing
High-Efficiency Crystal Silicon Solar Cells 1,800,000
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OFFICE OF SOLAR ELECTRIC TECHNOLOGIES

Photovoltaic Energy Technology Division

The National Photovoltaics Program sponsors high-risk,
potentially high-payoff research and development in photovoltaic
energy technology that will result in a technology base from
which private enterprise can choose options for further
development and competitive application in U.S. ' electrical

markets. The objective of materials research is to overcome the
technical barriers currently limiting the efficiency and cost of
photovoltaic cells. Theoretical conversion efficiency of

photovoltaic cells is 1limited by the portion of the solar
spectrum that the cell's semiconductor material can respond, and
by the extent to which these materials can convert each photon to
electricity. The practical efficiency is constrained by the
amount of light captured by the cell, the cell's uniformity, and
a variety of loss mechanisms for the photo-generated carriers.
Cost is affected by the expense and amount of materials required,
the complexity of processes for fabricating the appropriate
materials, and the complexity and efficiency of converting these
materials into cells.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Amorphous Silicon for Solar Cells - DOE Contact Morton B.
Prince, 202-586-1725; SERI Contact Ed Sabisky,

303-231-1483

o Plasma enhanced chemical vapor deposition (CVD),
thermal CVD, and sputtering techniques with long term
gogl of developing 12% efficient cells of area of 1000
cme.

Polycrystalline Thin Film Materials for Solar Cells - DOE
Contact Morton B. Prince, 202-586-1725; SERI Contact
Kenneth Zweibel, 303-231-7141

o Investigation of chemical and physical vapor
deposition, electrodeposition, and sputtering
techniques for depositing stoichiometric films of
CuInSe,; and CdTe.

(o} Large area (1000 cm2?) control of interlayer diffusion,

lattice matching and stoichiometry for long-term enhan-
cement of 15% efficient large area solar cells.
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Growth of 8Silicon Ribbons for Solar Cells - DOE Contact
Morton B. Prince, 202-586-1725; SNLA Contact Dan
Arvizu, 505-846-0387

o Investigation of high speed crystal growth stresses on
ribbon formation and solar cell performance. -

o Study of fundamental problems of ribbon growth.

Deposition of III-V Semiconductors for High-Efficiency Solar
Cells - DOE Contact Morton B. Prince, 202-586-1725;
SERI Contact John Benner, 303-231-1396; SNLA Contact
Dan Arvizu, 505-846-0387 :

o Deposition by cVD, 1liquid phase epitaxy (LPE), and
molecular beam epitaxy (MBE) of III-V's in order to
study interfaces between layers and for precise control
of thickness and unlformlty

o Long-term goal of 35% efficient concentrator cells and
' 20% and 100 cm? flat plate cells.

Materials Properties, Behavior, Characterization, or Testing

‘Materials and Device Characterization - DOE Contact Morton
B. Prince, 202-586-1725; SERI Contact Larry Kazmerski,
303-231-1115 :

o Surface and interface analysis, electro-optical charac-
terization and cell performance evaluation.

o Critical material/cell parameters study of such things
as impurities, layer mismatch and other defects u51ng a
wide variety of instruments.

Device or Component Fabrication, Behavior, or Testing

High-Efficiency Crystal Silicon Solar Cells - DOE: Contact
Morton B. Prince, 202-586-1725; SERI Contact John

Benner, 303-231-7299; SNLA Contact Dan Arvizu, 505-846-
0387

o Investigation of new coatings and/or dopants and other
treatment that reduce electron-hole recombination at
cell surfaces or in the bulk.

o Research to optimize silicon material type, material
resistivity, cell thickness, surface passivation, light
trapping, cell nmetallization, and cell processing
procedures.
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OFFICE OF RENEWABLE TECHNOLOGY

FY 1986
Office of Renewable Technolo Grand Total $ 1,407,000
Geothermal Technologies Division _ $ 1,257,000
Materials Preparation, Synthesis, Deposition, S 577,000
Growth, or Formin
High Temperature Elastomers for Dynamic 112,000
Sealing Applications
Advanced Materials for Lost Circulation Control 75,000
Geothermal Waste Utilization and Disposal 125,000
Materials for Non-Metallic Heat Exchangers 135,000
Biochemical Concentration and Removal of Toxic 130,000
Components from Geothermal Wastes
Materials Properties, Behavior, $ 305,000
Characterization or Testing
Corrosion Resistant Elastomeric Liners for 61,000
Well Casing :
Advanced High Temperature Geothermal Well 125,000
Cements
Corrosion in Binary Geothermal Systems 69,000
Metallic Liners for Well Casing 50,000
Device or Component Fabrication, Behavior, $ 375,000
or Testing :
Field Tests of Advanced Monitoring Instruments 100,000
Particle Measurement In-Line Instrument 150,000
pH and Carbon Dioxide Sensors 125,000
Biofuels and Municipal Waste Division $ 150,000
Materials Properties, Behavior, $ 150,000
Characterization or Testing
Refuse Derived Fuel (RDF) Binder Research 150,000
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OFFICE OF RENEWABLE TECHNOLOGY

Geothermal Technology Division

The primary goal of the geothermal materials program is to
.ensure that the private sector development of geothermal energy
resources is not constrained by the availability of technologi-
cally and economically viable materials of construction. This
requires the performance of long-term high risk GTD-sponsored
materials R&D.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

High Temperature Elastomers for Dynamic Sealing Applications
- DOE Contact R. LaSala, 202-586-4198; BNL Contact
L.E. Kukacka, 516-282-3065

o Chemical modification of previously developed and
tested Y-267 EPDM 260°C static seal material for use in
dynamic sealing applications.

o Optimization of EPDM formulations for use in critical
high cost applications such as in downhole drill motors
and open-hole packers.

Advanced Materials for Tost Circulation Control - DOE
Contact R. LaSala, 202-586-4198; BNL Contact
L.E. Kukacka, 516-282-3065

o Investigation of hydrothermally stable and pumpable
chemical systems for use as 1lost circulation control
materials in geothermal well drilling operations.

Geothermal Waste Utilization and Disposal -~ DOE Contact
R. LaSala, 202-586-4198; BNL Contact L.E. Kukacka,

516-282-3065

o Studies of methods for utilizing waste constituents as
raw materials for cementitious binders or as
nonleachable fillers in composites that can be used for
general construction purposes.

Materials for Non-Metallic Heat Exchangers - DOE Contact
R. LaSala, 202-586-4198; BNL Contact L.E. Kukacka,
516-282-3065

o Development of corrosion resistant metallic and silicon
carbide-filled composites which have thermal
conductivities in the range of stainless steels.
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Biochemical Concentration and Removal of Toxic Components
From Geothermal Wastes - DOE Contact G. J. Hooper,
202-586-4153; BNL Contact L. E. Kukacka, 516-282-3065

o Analyses of biochemical techniques for concentrating
and subsequent removal of toxic metals from waste.

o Establish optimum conditions for microorganism-metal
interactions.

Materials Properties, Behavior, Characterization, or Testing

Corrosion Resistant Elastomeric Liners for Well Casing - DOE
Contact R. LaSala, 202-586-4198; BNL Contact L.

E. Kukacka, 516-282-3065

o Investigation of high temperature chemical coupling
systems for bonding elastomeric liners to carbon steel
well casing.

o Data on corrosion resistance of Y-267 EPDM-lined carbon
steel casing for comparison with those for high chrome
and nickel alloys. '

Advanced High Tenperature Geothermal Well Cements - DOE
Contact R. LaSala, 202-586-4198; BNL Contact
L. E. Kukacka, 516-282-3065

o Preliminary screening tests on 1lightweight cement
slurries.
o Characterization of promising 1light weight, high

temperature well cements under placement and downhole
environmental conditions.

o} Mechanisms of cement deterioration in high Co05,-
containing geothermal brines.

Corrosion in Binary Geothermal Systems - DOE Contact
R. LaSala, 202-586-4198; BNL Contact D. van Rooyen,

516-282-4050

(o} Quantitative corrosion data from laboratory and plant
tests for metals presently used in binary plants and
other more potentially resistive metals and nonmetals.

Metallic Liners for Well Casing - DOE Contact R. LaSala,
202-586-4198; BNL Contact D. van Rooyen, 516-282-4050

o Quantitative corrosion data from laboratory and field
test of metals being considered for use as lines on
geothermal well casings.
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Geothermal Technology Division

i - The. primary goal of the geothermal advanced instrumentation
.. program: is to reduce costs of: geothermal powerplant design,
construction, and operatlon by extending component life, reducing
maintenance and equlpment replacement and minimizing powerplant
ﬂ.outages."- N ~ s

.‘Dev1ce of Comgonent Fabrlcatlon Behav1or or Testlng

-+ Field Tests of Advanced Monitoring Instruments - DOE Contact
G. J. Hooper, 202-586-1146; PNL Contact D. W. Shannon,

509- 376 3139

sd’; Fleld testlng of advanced 1nstruments to monltor brine
chemistry, corrosion, scaling and suspended solids in
geothermal waters.

Particle Measurement In-Line Instrument - DOE Contact G.J.
Hooper, 202-586-1146; PNL Contact D.W. Shannon,
509-376~-3139

o) Development and testing of instruments capable of
measuring total amount of solid material pumped into
geothermal injection wells.

o Measurement of the particle counts in each size range
as a function of time and total fluid injections.

pH _and Carbon Dioxide Sensors - DOE Contact G. J. Hooper,
202-586-1146; PNL Contact D. W. Shannon, 509-376-3139

o Development and testing of sensors capable of measuring
the acidity and the carbon dioxide content of
geothermal brines.

Biofuels and Municipal Waste Division

The goal of the Energy from Municipal Waste (EMW) Division
is to provide the technical information base from which industry
can develop future technologies for the recovery of liquid and
gaseous fuels and other usable energy products and materials from
municipal solid waste, and to increase the energy efficiency of
municipal wastewater treatment processes.
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Mater s Properties ehavio Characterization, o sti

Refuse Derived Fuel (RDF) Binder Research - DOE' Contact
_ Donald Walter 202-586-1697; ANL Contact Ole Ohlsson,

312-972-5593

o  Identification and testing of chemical binders' that
will enhance the storability and overall mater1a1
integrity of densified RDF. : :

o Identification of alternative methods of densifying
RDF. : :
o Economic evaluation of the appilcations of identified

binders and alternative densification methods vis-a-vis
existing technology. :
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OFFICE OF ENERGY RESEARCH

Office of Energy Research Grand Total
Office of Basic Enerqgy Sciences

Division of Materials Sciences

Metallurgy and Ceramics

Structure of Materials
Mechanical Properties
Physical Properties
Radiation Effects
Engineering Materials

Solid State Physics

Neutron Scattering
Experimental Research
Theoretical Research
Particle-solid Interactions
Engineering Physics

Materials Chemistry

Chemical Structure
Engineering Chemistry
High Temperature and Surface Chemistry

Division of Engineering and Geosciences

Materials Properties, Behavior,
Characterization or Testing

Bounds on Dynamic Plastic Deformation

Diffusion, Fluid Flow and Sound Propagation in
Disorders Media

In-Flight Measurement of the Temperature of
Small, High Velocity Particles

Experimental Measurement of the Plasma/Particle
Interaction

Integrated Sensor/Model Development for
Automated Welding '

Nondestructive Characterization of Fracture
Dynamics and Crack Growth

Boiling of Aqueous Polymer Solutions

Plasma Reduction of Metallic Oxide Particles
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FY 1986

$171,849,452

$138,518,294

$134,455,000

$

48,897,000
18,310,000
5,346,000
8,567,000
6,253,000
10,421,000
70,185,000
19,730,000
33,005,000
5,718,000
4,416,000
7,316,000
15,373,000
5,090,000
5,161,000
5,122,000
4,063,294
4,063,294
123,000
65,000
90,000
328,000
496,000
193,000

67,000
76,000



OFFICE OF ENERGY RESEARCH (Continued)

FY 1986
Office of Basic Energy Sciences (Continued)

Division of Engineering and Geosciences (Continued)
Materials Properties, Behavior, Characterization,

or Testing (Continued)

High-Temperature Gas-Particle Reactions $ 230,000

Mathematical Modeling of Transport Phenomena 102,000
in Plasma Systems

In-Process Control of Residual Stresses and 87,000
Distortion in Automatic Welding

Investigation of Visible and Near Visible Light 75,000
Emissions as Sensors for Control of Arc Welding
Processes

Multivariable Control of the Gas-Metal Arc 102,000
Welding Processes

Modeling of GMA Weld Pool Geometry and Metal 88,000
Transfer

Modeling and Analysis of Surface Cracks 200,000

Thermal Plasma Processing of Materials 142,000

Transport Properties of Disordered Porous Media 90,000
from the Microstructure

Effects of Crack Geometry and Near-Crack 65,000
Materials Behavior on Scattering of
Ultrasonic Waves for QNDE Applications

Inelastic Deformation and Damage at High 120,000
Temperature

Energy Changes in Transforming Solids 0

Nondestructive Testing 115,000

Effective Elastic Properties of Cracked Solids 107,000

Electrochemical Wear Mechanism and Deposit . 93,000
Formation in Lubricated Systems '

Elastic-Plastic Fracture Analysis Emphasis on 365,000
Surface Flaws

Continuous Damage Theory 44,000

Loss Characteristics of Cord-Rubber Composites 73,000

A Study of the Chemical Mechanism in Lubrication 86,000

Effects of Crack Geometry and Near-Crack Material 65,000
Behavior on Scattering of Ultrasonic Waves
for QNDE Applications

Mechanical Interactions of Rough Surfaces 135,294

Multiviewing Transducer System 241,000
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OFFICE OF ENERGY RESEARCH (Continued)

Office of Health and Environmental Research

Division of Physical and Technological Research

Materials Properties, Behavior,
Characterizatiion or Testing

Semiconductor Radiation Detector Technology

Development of Advanced Internal Gain
Radiation Detection Structures Based on
Neutron Transmutation Doped Silicon

Office of Fusion Energy

Materials Properties, Behavior,
Characterization or Testing

Alloy Development for Irradiation
Performance (ADIP)
Damage Analysis and Fundamental Studies (DAFS)
Special Purpose Materials (SPM)
Tritium Breeding Materials
Analysis and Evaluation

Device or Component Fabrication, Behavior or
Testing

Plasma Materials Interaction and High Heat
Flux Component Development Programs

Instrumentation and Facilities

Radiation Facilities Operation
Operation of Oak Ridge Research Reactor
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FY 1986
$ 650,000
$ 650,000
$ 650,000

390,000
260,000

$ 19,350,000

$ 8,310,000

4,270,000
1,990,000
1,100,000
800,000
150,000

$ 5,140,000

5,140,000

$ 5,900,000

3,900,000
2,000,000



OFFICE OF ENERGY RESEARCH (Continued)

FY 1986
Small Business Innovation Research Program#* $ 13,331,158*
Materials Preparation, Synthesis, Deposition, $ 4,363,109%
Growth, or Férming
Phase I Projects:
High Thermal Conductivity Dispersion- $ 49,848
Strengthened Silicon Nitride
Improved Silicon Germanium Thermoelectrics 50,000
Development of High-Temperature Amorphous Alloys 49,848
Processing Science: Understanding and Control 49,964

of the Whisker Matrix Interface in Ceramic-
Ceramic Composites

The Development of Nb3Sn Superconductor with 50,000
Micron-Size Filaments, High-Current Densities,
and Low Magnetization

Mechanical Reliability of Superplastlcally Forged 50,000
Silicon Nitride

Improved Brazing Techniques for Machinable Glass 49,991
Ceramics

Neutron Irradiation Stable Carbon-Carbon Composites 49,991

Improvement of Copper/Epoxy Composites for 49,977
Fusion Energy Magnet Applications

An Internal-External Bronze Process for the 49,995
Manufacture of Large Filament Nb;Sn

High-Current Density Nb3Sn Superconductors with 49,989

Electrically Uncoupled Fine NbTi Filaments and a
High Current Density

A Search for Metal Oxide-Metal Nitride Eutectic 30,953
Systens

Metallophilic Oxides in Copper for Fusion Reactors 50,000

TiC Infiltrated Graphite Fiber Structures for 49,948
Fusion Reactors

Surface Modification by Ion Beams for Improved 49,981

Corrosion Resistance

*Includes 33 new Phase I and 13 new Phase II awards made in FY
1986 and second-year incremental funding for 13 Phase II projects
initiated in FY 1985; totals rounded to nearest $1000. Totals
reflect the fact that Phase II funding levels are spread over a
two-year period.
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OFFICE OF ENERGY RESEARCH (Continued)

FY 1986

Small Business Innovation Research Program* (Continued)

Materials Preparation, Synthesis, Deposition,
Growth, or Forming (Continued)

Phase II Projects: (First Year)

Fabrication and Characterization of $ 498,816
Ceramic-Matrix~Ceramic Whisker Composites
with Random Orientation of the Whiskers

Development of a Continuous Process to Clad 499,859
Superconductors with High-Purity Aluminum

The Direct Production of Intermetallic Compound 500,000
Powder

The Investigation of an Improved Processing 499,994

Method for High Current Density, Fine-
Filamentary Superconductors
The Development of a Process for Producing 499,992
Aluminum Stabilized, Fine-Filamentary
Superconducting Composites

Phase II Projects: (Second Year)

Growth of BaF,; Crystals by the Heat-Exchanger $ 270,479
Method (HEM) with Enhanced Fast Component
for Scintillator Applications

Brazing of Machineable Glass Ceramics and Other 368,495
Ceramic Materials
Development of a New Process for the Production 494,989

of Very Fine Filamentary Superconducting
NbTi Composites

Materials Properties, Behavior, Characterization S 1,186,900*
or Testing

Phase I Projects:

An Investigation of Fatigue Failure Initiation S 50,000
and Propagation in Wind-Turbine-Grade
Wood/Epoxy Laminate Containing Several
Veneer Joint Styles

*Totals reflect the fact that Phase II funding 1levels are
spread over a two-year period.
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OFFICE OF ENERGY RESEARCH (Continued)

FY 1986

Materials Properties, Behavior, Characterization
or Testing (Continued)

Phase I Projects (Continued):

Application of Direct Recoil Spectroscopy for $ 50,000
Analysis of Li, H, and D on Fusion Materials

Nonorganic, Low-Pressure Solid Lubricants 50,000
by Ion Beam Enhanced Deposition

A Novel Hybrid Lubrication Approach for 49,837
Advanced Heat Engines

Phase II Projects: (Second Year)

Processing and Characterization of SiCALON $ 488,048
Ceramics

Reduction of Surface Recombination in Silicon 499,015
Solar Cells

Device or Component Fabrication, Behavior $ 5,284,428%
or Testing

Phase I Projects:

An All-Metal, Demountable Cryogenic Seal $ 49,985

Development of High-Resolution Gratings 49,987
Produced from Advanced Materials by
Chemical Vapor Deposition Techniques

A Feaslibility Assessment of the Thermotunnel 49,953
Energy Converter

Study of Filament Instability in Multi- 50,000
Filamentary NbTi/Cu Composites

A Differential Microalorimetric Biosensor Based 49,843
on Pyroelectric Thin Polymer Films

Surface Figure Measurements of X-Ray Optics 49,867

A Real-Time, Nocontact Optical Surface Motion 48,905
Monitor

A Fiber Optic Tactile Sensor for Robotlcs 49,619
Applications

*Totals reflect the fact that Phase 1II funding levels are
spread over a two-year period.
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OFFICE OF ENERGY RESEARCH (Continued)

-Device or Component Fabrication, Behavior, or
Testing (Continued)

Phase I Projects (Continued):

High-Temperature Thermionics for Burst Power $
Applications

A Contactless Self-Scanning High-Temperature
-NDE Flaw Detector

An Improved Thermionic Conversion Device Using
Oxide with Metallic or Metal Carbide Composites

Microlaminated Ferromagnetic Composites for
Magnetic Switching

Phase II Projects: (First Year)

The Design and Fabrication of Flat Panels $
with High Acoustic Transmissivity

Highly Versatile Multilayer Tactile Sensor
Arrays

Direct Energy Conversion with Pyroelectric
Polymer

Reduction of Low-Level Radwaste Disposal in
Water Clean-Up Systems by Use of Magnetite

Phase II Projects: (Second Year)

Eddy~-Current, Nondestructive Evaluation of S
Laser~Glazed Metallic Surfaces

Fresnel~Lens Photovoltaic Concentrator Design
Innovations

Development of Fe-Nd-B Metal-Matrix Magnets

Immuniodiagnostic Biosensor Device Based on
Conductive Organic Polymers

Titanium Nitride Coating of High-Speed Steel
and Carbide Metal Cutting Tools Using Fluid
Bed Furnace Technology

Method and Device for Nondestructive Inspection
of Niobium to Improve Superconductivity

Wear Resistant Ferrous Metal Matrix Composites
for Municipal Solid Waste Processors
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FY 1986

50,000
49,765
49,925

50,000

500,000
50,000
499,749

499,667

490,000
390,000

284,615
483,124

495,040

494,424

499,960



OFFICE OF ENERGY RESEARCH (Continued)

FY 1986
Instrumentation and Facilities $ 2,496,721%

Phase I Projects:

UV Holographic Mirrors With High Diffraction $ 49,336
Efficiency

Phase II Projects: (First Year) -

The Construction of a Soft X-Ray Source Using $ 478,564
Transition Radiation for Lithography

A New Two-Dimensional Position Encoder for 500,000
Positron Emission Tomography (PET)

A High Efficiency Helium-3 Neutron Detector 499,667

An InP Semiconductor Neutrino Detector 499,970

Phase II Projects: (Second Year)

Fiber-Optic Track Detector $ 469,184

*Totals reflect the fact that Phase II funding levels are
spread over a two-year period
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OFFICE OF ENERGY RESEARCH

The Director of Energy Research is responsible for three
major outlay programs: Basic Energy Sciences, High Energy and
Nuclear Physics, and Magnetic Fusion Energy. The Director of
Energy Research also advises the Secretary on DOE physical
‘research programs, the Department's overall energy research and
development programs, university-based education and training
activities, grants, and other forms of financial assistance. The
Director also carries out additional duties assigned to the
Office related to basic and advanced research, and monitors the
well-being and management of the multiprogram laboratories under
the jurisdiction of the Department.

Four multiprogram and seven single-purpose laboratories are
administratively assigned to the Office of Energy Research. The
multiprogram facilities are Argonne National Laboratory, Oak
Ridge National Laboratory, Brookhaven National Laboratory, and
Lawrence Berkeley Laboratory. The single-purpose or specialized
laboratories are the Bates Linear Accelerator Facility at the
Massachusetts Institute of Technology, the Ames Laboratory at the
Iowa State University, the Fermi National Accelerator Laboratory,
the Notre Dame Radiation Laboratory, the Princeton University
Plasma Physics Laboratory, the Michigan State University Plant
Research Laboratory, and the Stanford Linear Accelerator Center.
The multiprogram laboratories conduct significant research
activities for other DOE programs (e.g., Conservation, Nuclear,
etc.) and other Federal agencies, while the seven specialized
laboratories are funded almost totally by the Office of Energy
Research.

_ The Office of Energy Research conducts materials research in
the following offices and divisions:

o Office of Basic Energy Sciences: Division of Engineering
and Geosciences; Division of Materials Sciences

o Office of Health and Environmental Research: Division of
Physical
and Technologies Research
o Office of Fusion Energy
o Small Business Innovation Research Program
Office of Basic Energy Sciences

Division of Materials Sciences

This basic research program has several roles. One is to
increase the understanding of materials properties, behavior, and
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phenomena in those classes of materials that either presently or
in the future might be important to the mission of the Department
of Enerqgy. Another concerns the development of new forefront
analytical instruments and facilities that are used to probe the
structure and behavior of matter. Thus this program carries a
major responsibility for many of the nation's premier research
facilities including several neutron sources, a synchrotron
radiation source, processing facilities, and frontier electron
microscopes. Some of the materials research has a specific
relationship to an identified energy technology (e.g.,
photovoltaic phenomena for solar energy conversion, fast-ion
diffusion for solid electrolytes in fuel cells and batteries,
etc.); some is related to many energy technologies simultaneously
(e.g., hydrogen embrittlement, corrosion, high temperature
structural metals and ceramics, etc.); and some important to
fundamental understanding of new experimental and theoretical
research tools.

This research 1is conducted at DOE 1laboratories,
universities, and to a lesser extent at industrial 1laboratories
by metallurgists, ceramists, solid state physicists, and
materials chemists in about 100 different institutions.

There are three subprograns:
o Metallurgy and Ceramics seeks to understand the

synergistic relationship between properties/behavior,
structure, and processing parameters of materials.

o Solid State Physics is concerned with understanding the
interactions of electrons, atoms, and defects and their
role in determining the structure and properties of
condensed matter.

o Materials Chemistry focuses on understanding the
chemical properties of materials and their relationship
to composition, structure, and specimen environment.

The DOE contact for ‘this Division 1is 1Iran Thomas,
301-353-3427. For specific detailed information, the reader is
referred to DOE publication Materials Sciences Programs Fiscal
Year 1986 (DOE/ER-0295 dated September 1986). This publication
contains: summaries of all funded programs at DOE laboratories;
summaries of all funded grant programs in universities and
private sector organizations; summaries of all Small Business
Innovation Research programs; Collaborative Research Centers
(descriptive information); cross-cutting indices: investigators,
materials, techniques, phenomena, environment. Limited copies
may be obtained by calling 301-353-3428.
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Division of Engineering and Geosciences

Materials Properties, Behavior, Characterization, or Testing

Bounds on Dynamic Plastic Deformation - DOE Contact Oscar P.
Manley, Contact 301-353-5822; Argonne National
Laboratory Contact C. K. Youngdahl, 312-972-6149

o} Devise load characterization parameters using weighted
integrals of time-space distributions without requiring
detailed numerical analysis.

Diffusion, Fluid Flow, and Sound Propagation in Disorders
Media - DOE Contact Oscar P. Manley, 301-353-5822;
Boston University Contact Thomas Keyes, 617-353-4730

o Apply modern nonequilibrium statistical mechanics
methods to transport with large disorder.

o Calculate transport coefficients, correlation functions
and lattice vibrations in several disordered systems.

,In-Flight Measurement of the Temperature of Small, High
Velocity Particles - DOE Contact Oscar P. Manley, 301-
353-5822; Idaho National Engineering Laboratory Contact
J. R. Fincke, 208-526-2031

o) Measure particle temperatures and sensitivities while
electrodynamically suspended.

o Develop analog and digital signal processing techniques
for in-flight property evaluation.

o Application of developed techniques to measure particle
temperatures in a high-temperature plasma.

Experimental Measurement of the Plasma/Particle Interation-
DOE Contact Oscar P. Manley, 301-353-5822; 1Idaho

National Engineering Laboratory Contacts M. E.
McIlwain, 208-526-8818, C. B. Shaw, 208-526-8818, S. C.
Snyder, 208-526-1507, L. D. Reynolds, 208-526-8335

o Describe, quantitatively, the heat, mass, and momentum
transfer with metallic or oxide particles in thermal
plasmas. »

o Use experimental results to validate and correct

theoretical models for plasma processing and for
optimal torch and fixture design.
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Integrated Sensor/Model Development for Automated Welding-
' DOE Contact Oscar P. Manley, 301-353-5822; Idaho

National Engineering Laboratory Contacts H. B. Smartt,
208-256-8333, J. A. Johnson, 208-526-9021, J. O.
Bolstad, 208-526-1753 ’ :

o Develop model of gas metal arc welding process suitable
for real-time process control.

o Develop optical sensing capability to provide weld-bead
geometry data.

o Develop ultrasonic sensing capability to directly sense
weld bead site wall penetration and fusion.

Nondestructive Characterization of Fracture Dynamics and
Crack Growth - DOE Contact Oscar P. Manley, 301-353-
5822; Idaho National Engineering Laboratory Contacts J.
A. Johnson, 208-526-9021, B. A. Barna, 208-526-6124, R.
A. Allemeir, 208-526-9588 ’

o Develop instrumentation and models to measure and
predict interaction between ultrasound and gorwing
cracks in engineering materials.

o Investigate methods of sensing properties of growing
cracks.

Boiling of Aqueous Polymer Solutions - DOE Contact Oscar P.
Manley, 301-353-5822; University of Illinois at Chicago
Contact J. P. Hartnett, 312-996-4490

o Study pool boiling behavior of aqueous polymer
solutions. ‘
Plasma Reduction of Metallic Oxide Particles - DOE Contact

Oscar P. Manley, 301-353-5822; MIT Contacts J. F.
Eliott, 617-253-3305, J. Szekely, 617-253-3305, R. E.
Spjut, 617-253-0252

o Characterize the reduction to metal of oxide particles
into the tail flame of an arc plasma.

High-Temperature Gas-Particle Reactions - DOE Contact oSéar
P. Manley, 301-353-5822; MIT Contacts J. F. Eliott,

617-253-3305, R. E. Spjut, 617-253-0252
o Examine the physicochemical behavior of industrial

organic particles in conditions simulating exposure to
arc plasmas.
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Mathematical Modeling of Transport Phenomena in Plasma
Systems - DOE Contact Oscar P. Manley, 301-353-5822;
MIT Contact J. Szekely, 617-253-3305

o Develop a comprehensive mathematical representation of
the electromagnetic force field, velocity field,
temperature field, and chemical composition of plasma
flames, together with their interaction with solid
particles.

In-Process Control of Residual Stresses and Distortion in
Automatic Welding - DOE Contact Oscar P. Manley, 301-
353~-5822; MIT Contact Koichi Masubuchi, 617-253-6820

o Develop technology of in-process control of residual
stress and distortion in automatic welding.

Investigation of Visible and Near Visible Light Emissions as

Sensors for cControl of Arc Welding Processes = DOE
Contact Oscar P. Manley, 301-353-5822; MIT Contact

Thomas W. Edgar, 617-253-3229

(o) Develop sensing and control methods to automate gas
metal arc welding processes.

Multivariable Control of the Gas-Metal Arc Welding Process-
DOE Contact Oscar P. Manley, 301-353-5822; MIT Contact
David E. Hardt, 617-253-2429

o Cast the GMAW process into its most general sense and
examine the use of multivariable control methods.

Modeling of GMA Weld Pool Geometry and Metal Transfer - DOE
Contact Oscar  P. Manley, 301-353-5822; MIT Contact
William Unkel, 617-253-2193

o Develop physically-based, computationally-simple models
of GMAW processes.

o Use models to identify process modifications for more
effective multivariable control.

Modeling and Analysis of Surface Cracks -~ DOE Contact Oscar
P. Manley, 301-353-5822; MIT Contacts David M. Parks,

617-253-1630

o Analyze ductile crack initiation, growth, and
instability in part-through surface-cracked plates and
shells.

86



Thermal Plasma Processing of Materials - DOE Contact Oscar
P. Manley, 301-353-5822; University of Minnesota

Contact E. Pfender, 612-625-6012

o Develop and diagnose a new plasma reactor to solve
problems of particle injection, particle confinement,
and particle dwell times.

Transport Properties of Disordered Porous Media from the
Microstructure - DOE Contact Oscar P. Manley, 301-353-
5822; North Caroclina State University Contact s.
Torquato, 919-737-2365

o Develop quantitative relationship between properties of
a disordered porous medium and its microstructure.

Effects of Crack Geometry and Near-Crack Materials Behavior
on _Scattering of Ultrasonic Waves for OND Applications

- DOE Contact Oscar P. Manley, 301-353-5822;
Northwestern University Contact J. D. Achenbach, 312-
491-5527

o Apply the scattered field approach ¢to the
characterization and detection of cracklike flaws.

Inelastic Deformation and Damage at High Temperature - DOE
Contact Oscar P. Manley, 301-353-5822; Rensselaer
Polytechnic Institute Contact Erhard Krempl, 518-266-
6432

o Characterize material behavior in mathematical forms
for use in inelastic stress and life prediction.

o Develop a finite element program to calculate,
directly, the life-to-crack initiation of a component
under a given load history.

Enerqgy Changes in Transforming Solids - DOE Contact Oscar P.
Manley, 301-353-5822; Standord University Contacts

George Herrmann, David M. Barnett, 514-723-4143

o Generalize configurational forces in deformable solids
to characterize state changes accompanied by energy
changes.

Nondestructive Testing - DOE Contact Oscar P. Manley, 301-
353-5822; Stanford University Contact G. S. Kino, 415-
497-0205

o Develop techniques for contactless nondestructive

testing and range sensing in air.
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Effective Elastic Properties of Cracked Solids - DOE Contact
Oscar P. Manley, 301-353-5822; Tufts University Contact

Mark Kachanov, 617-628-5000, ext. 2821

o Evaluate elastic properties of solids with cracks
including effects of crack location and density.

Electrochemical Wear Mechanism and Deposit Formation in
Lubricated Systems - DOE Contact Oscar P. Manley,
301-353~5822; Electrochemical Technology Corp. Contact
T.R. Beck, 206-632-5965

o Measure and determine the importance of electrokinetic-
or 2zeta- corrosion and deposit formation in lubricated
rolling and sliding systems

o Compare measurements of wear for rolling and sliding
lubricated systems to calculate 2zeta corrosion rates
based on extensions of the valve wear model

Elastic-Plastic Fracture Analysis Emphasis on Surface Flaws
- DOE Contact Oscar P. Manley, 301-353-5822; Idaho
National Engineering Laboratory Contact W.G. Reuter,
208-526-0111

o Improve design and analytical techniques for.predicting
the integrity of flawed structural components.

o Experimental research with analytical evaluation
guiding the direction of experimental testing. Tests
are conducted on a modified ASTM A-710 material
exhibiting a range of fracture toughness but
essentially constant yield and ultimate tensile
strength.

o Use of metallographic techniques to measure crack tip
opening displacement for comparison with analytical
models. Laser interferometry and infrared thermography
will be used to evaluate and quantify the deformation
in the crack region.

Continuous Damage Theory - DOE Contact Oscar P. Manley,
301-353-5822; University . of 1Illinois Contact
D. Krajcinovic, 312-996-7000

o Phenomenological description of the nucleation and

growth of microdefects in a metallic solid and their
influence on the mechanical response.
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o Investigation of the interaction of viscuous effects
(reflecting boundary slip) and the brittle effects
(growth of microcracks). Problems in creep rupture and
fatigue will be considered using the continuum damage
model developed.

Loss Characteristics of Cord-Rubber Composites - DOE Contact
Oscar P. Manley, 301-353-5822; University of Michigan

Contact S. K. Clark, 313-764-4256

o Data acgquisition on the loss characteristics of
cord-rubber composites under both uniaxial and
multiaxial stress states, including the effects of
prestrain, frequency, strain amplitude and temperature
in the assessment of the viscoelastic properties of the
materials.

o Analysis of the rolling loss of a pneumatic tire using
the viscoelastic properties obtained in the first task,
together with finite element codes suitable for the
problem. Theoretical results will be compared against
measured values.

A Study of the Chemical Mechanism in ILubrication - DOE
Contact Oscar P. Manley, 301-353-5822; National Bureau
of Standards Contact S. M. Hsu, 301-921-3113

o Study of the nature and extent of influence of chemical
reactions in the contact zone on friction and wear.
Surface topography of worn surfaces will Dbe
characterized to predict oil film thickness under
different speed, 1load ranges in a NBS- developed
four-ball wear tester.

o Calculation of micro-asperity temperatures and the wear
film temperatures of the oil film using Archard-Jaeger
equations as well as finite-element analysis
techniques.

o) A theoretical model linking elastohydrodynamic theories
to tribo-chemical rate constants with material
properties will be attempted to predict 1lubrication
effectivness a priori.

Effects of Crack Geometry and Near-Crack Material Behavior

on Scattering of Ultrasonic Waves for ONDE Applications
- DOE Contact Oscar P. Manley, 301-353-~-5822;

Northwestern University Contact J. D. Achenbach,
312-491-5527

o) Application of the scattered field approach to the
detection of a cracklike flaw, and to the determination
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of its 1location, size, shape and orientation. Inte-
rior, as well as surface-breaking and near-surface
cracks, are considered.

o Mathematical modeling of ultrasonic wave scattering by
cracks adjusted to account for several typical charac-
teristics of fatigue and stress-corrosion cracks, and
the environment of such cracks.

o Investigation of local anisotropy and inhomogeneity due
to near~tip voids and the effect of a zone of plastic
deformation near a crack tip.

Mechanical Interactions of Rough Surfaces =~ DOE Contact
Oscar P. Manley, 301-353-5822; SKF 1Industries,
Inc. Contact J. I. McCool, 215-265-1900

o Development of fundamental information and the
resolution of a number of issues that impact on the
design of mechanical systems in which surface
microtopography per se or events which occur on the
microgeometric scale play a critical role.

o) Design and construct an apparatus designed and
constructed to obtain optical interferograms of the
lubricated contact of rough surfaces along with
measurements of traction transmitted under conditions
of combined rolling, sliding, and spinning.

o Develop guideline and techniques for the digital
processing of surface roughness data generated in
analog form by a stylus profile instrument.

Multiviewing Transducer System - DOE Contact Oscar
P. Manley, 301-353-5822; Iowa State University Contact
D. O. Thompson, 515-294-5320

o Demonstration of a composite multiviewing NDE
transducer.
o Approach uses recent advances in ultrasonic scattering

and inversion theories.

o Reconstruction protocol fits acquired data to an
Yequivalent" ellipsoid (3 axes and 3 angles).

Office of Health and Environmental Research

The Office of Health and Environmental Research supports a
broad multidisciplinary program in basic and applied 1life
sciences research for the purpose of achieving a comprehensive
understanding of the health and environmental effects associated
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with energy technologies. Research is conducted to characterize
and measure energy-related hazards, study transport and transfor-
mations in the environment, determine the biological and eco-
logical response and define the potential impact on human health.
In addition, new applications of nuclear science and energy
technologies are developed for use in the diagnosis and treatment
of human disease. Material interests are primarily in
development of sensors for radiation and chemical detection.

Division of Physical and Technological Research

The Physical and Technological Research Division conducts
physical, chemical, and instrumentation research related to the
health and environmental aspects of energy technology develop-
ment. Included are support of physical and chemical characteri-
zation studies, atmospheric @ sciences research, research on
measurement and dosimetry techniques, and fundamental radiation
biophysics.

Materials Properties, Behavior, Characterization or Testing

Semiconductor A Radiation Detector Technology -~ DOE Contact
G. Goldstein, 301-353-5348; LBL Contact F. S. Goulding,

415-486-6432

o Study of semiconductor materials, primarily germanium
and silicon, for use as radiation detectors. Research
includes crystal growth and purification, measurement
of materials properties, and signal processing.

Development of Advanced Internal Gain Radiation Detection
Structures Based on Neutron Transmutation Doped Silicon

- DOE Contact G. Goldstein, 301-353-5348; University of
Southern California Contact G. Huth, 213-822-9184

o Silicon avalanche radiation detectors are developed
using single crystal neutron transmission doped
silicon. Research focuses on studies of the avalanche
process and development of specific devices.

Office of Fusion Enerqy

Fusion Materials Research - Definition of the Materials in Fusion
Enerqy Development

The ultimate economics of fusion energy, like most other
energy systems, will depend on the materials required for the
system. Fusion materials research separates naturally into two
classes of problems: those associated with interaction of plasma
with the materials and those associated with the interaction of
fusion neutrons with the materials. Both involve basic and
applied research. The former are near-term problems which must
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be solved to advance plasma confinement research; the latter
problems are more fundamental to the ultimate success of fusion
as an energy source.

N . The last decade of research, using available nuclear test
facilities, as revealed that there are materials which could
withstand ' the nuclear environment of a fusion reactor with
reasonable system economics and relatively modest waste disposal
requirements. However, studies have also shown that it is
important to improve the economics of these systems and to reduce
the need for long-term waste disposal of fusion materials even
further through the development of specialized materials. The
future fusion materials program must include both the basic
research on fundamental new materials and the development of the
new technology required for testing those materials.

pbjective

The objective of the Fusion Materials Program is to develop
the necessary structural, plasma-interactive, breeding, low
activation, and special purpose materials to support present and
future fusion plasma experiments and to form the foundation for a
reliable, economic, and environmental assessment of fusion
energy.

"I. The objective of the Plasma Interactive Materials (PIM) and
High Heat Flux Materials and Component Development (HHF)
Programs are to . provide the necessary materials and
technological support for fusion plasma experiments as they
‘progress to longer pulse 1length, higher temperatures and
densities, and limited tritium operation.

II. Eighty percent of the energy of the deuterium~-tritium
reaction is released in the form of high energy (14.1 MeV)
neutrons and the influence of those radiation fields on
materials is profound. The objectives of the (neutron)
Radiation Interaction Materials Program elements are to
provide the foundation of knowledge and the development and
understanding of new or improved materials required to
evaluate, design, construct, and operate future fusion
devices considering, especially, the interaction of that
high energy neutron irradiation on the materials. In
addition to the general functional requirements of
materials, this program topic has the further special
objective to develop materials that would have sufficiently
reduced neutron induced radiocactivity to significantly
shorten or eliminate the burden of long-term (>100 years)
waste management--a primary program objective to make fusion
a more attractive energy option.
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Organization and "Projects"”

The fusion materials research program is managed by the
Reactor Technology Branch in the Division of Development and
Technology of the Office of Fusion Energy. It is structured
around the two major technical issues that are specific to
fusion--plasma interactive materials, and neutron radiation
interactive materials. These are organized into eight
sub-elements (or projects in the context of this report). These
sub-elements of the program are each guided by technical level
task groups drawn from laboratory, university, and industrial
part1c1pants. Each task group is claimed by a laboratory program
manager in cooperation with a DOE counterpart.

Materials Properties, Behavior, Characterization, or Testing

Alloy Development for Irradiation Performance (ADIP) - DOE
Contact T. C. Reuther, 301-353-4963; ORNL Contact

A. Rowcliffe, 615-576-5057

o Research and development of structural alloys, focusing
on neutron irradiation efforts.

o Development of variations of austenitic stainless, 9-
12Cr ferritic/martensitic starts, vanadium alloys and
reduced activation alloys.

Damage Analysis and Fundamental Studies (DAFS) - DOE Contact
T. C. Reuther, 301-353-4963; Hanford Engineering
Development Laboratory Contact D. G. Doran, FTS
444-3187

o Establish the mechanistic basis to evaluate and project
the effect of the fusion radiation env1ronment from
currently available irradiation facilities.

o Analyze Dosimetry and damage in order to establish the
fundamental response of materials to the fusion
environment. ‘

Special Purpose Materials (SPM) - DOE Contact M. M. Cohen,
301-353-4253; ORNL Contact J. L. Scott, FTS 624-4834

o Investigate radiation effects on magnet system
materials (super-conductor, stabilizer, insulator)
ceramic applications for insulators, diagnostics, etc.,
Be for neutron multipliers, etc.
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Tritium Breeding Materials - DOE Contact M. M. Cohen,
301-353-4253; ANL Contact C. E. Johnson, FTS 972-7533

o Establish the properties, behavior, and tritium
breeding and release characteristics of lithium bearing
oxides. It includes in-reactor and post-irradiation
studies and laboratory preparations and
characterization.

Analysis and Evaluation - DOE Contact T. C. Reuther,
301-353-4963; McDonnell Douglas Astronautics
Co. Contact J. Davis, FTS 314-234-4826

o Provide a bridge between the materials and design
communities.
o Develop and publish the Materials Handbook for Fusion

Enerqgy Systems.

Device or Component Fabrication, Behavior, or Testing

Plasma Materials Interaction and High Heat Flux Component
Development Programs - DOE Contact M. M. Cohen,
301-353-4253; SNL Contact W. Gusster, 415-422-1648

o Develop and maintain a basic long range technological
capability which can be utilized by all confinement
communities.

o Development of specific component projects for present

and future confinement facilities and experiments.

Instrumentation and Facilities

Radiation Facilities Operation - DOE Contact M. M. Cohen,
301-353-4253; LLNL Contact C. Henning, FTS 532-0235

o U.S. share of the joint U.S./DOE and Japanese
operations of RTNS-II, or 14 MeV DT neutron source.

Operation of ©Oak Ridge Research Reactor - DOE Contact T.
C. Reuther, 301-353-4963; ORNL Contact J. L. Scott, FTS
624-4834

o Operating cost of the ORR for Energy Research users.

Small Business Innovation Research Program

The Small Business Innovation Research (SBIR) program was
established in compliance with the Small Business Innovation
Development Act of 1982, Public Law 97-219. The program is
designed for implementation in a three-phase process, with Phase
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I determining, insofar as possible, the scientific or technical
merit and feasibility of ideas proposed for investigation. The
period of performance in this initial phase is about 6 months and
awards are limited to $50,000. Phase II is the principal
research or research and development effort, and awards can be as
high as $500,000 for work to be performed in periods of up to 2
years. Under Phase III, commercial applications of the research
or research and development are to be pursued by small businesses
with non-Federal capital or, alternatively, Phase III may involve
follow-on non-SBIR Federal contracts for products or processes
desired by the Government.

The materials-related projects, like all other projects in
the DOE SBIR program, were selected using the specific evaluation
criteria listed in the program solicitation. Conclusions were
reached on the basis of detailed reports returned by reviewers
drawn from DOE laboratories, universities, private industry, and
government. In the case of Phase II, if several proposals were
judged to be of approximately equal technical merit, preference
was given to those proposals that had demonstrated third phase,
non-Federal capital commitments.

The work supported in this program represents high-risk
research, but the potential benefits are also high if the
objectives are met. Brief descriptions of all DOE SBIR projects
(not just those of interest in materials Research) are given in
the following publications: Abstracts of Phase I Awards, 1986
(DOE/ER-0285), Abstracts of Phase II Awards, 1985 (DOE/ER-
0209/1), and Abstracts of Phase II Awards, 1986 (DOE/ER-0286).
Copies of these publications may be obtained by calling Mrs.
Gerry Washington on 301-353-5867.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Phase I Projects:

High Thermal Conductivity Dispersion-Strengthened Silicon
Nitride - DOE Contact Samuel J. Barish, 301-353-3054;
CERAMATEC, Inc. Contact Mr. David W. Richerson, 801-
486-5071

Improved Silicon Germanium Thermoelectrics - DOE Contact
Bill Barnett, 301-353-3097; Electro Tech Corporation
Contact Mr. Norbert B. Elsner, 619-459-1016

Development of High-Temperature Amorphous Alloys - DOE
Contact Samuel J. Barish, 301-353-3054; Flow Research
Company Contact Mr. Arthur C. Day, 206-872-7080
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Processing Science: Understanding and Control of the
Whisker Matrix Interface in Ceramic-Ceramic Composites
- DOE Contact Samuel J. Barish, 301-353-3054; Flow
Research Company Contact Mr. Birol Sonuparak, 206-872-
7080

The Development of Nb3Sn Superconductor with Micron-Size
Filaments, High-Current Densities, and Low

Magnetization - DOE Contact Victor Der, 301-353-5736;
Intermagnetics General Corporation Contact Mr. Gennady
Ozeryansky, 203-753-5215

Mechanical Reliability of Superplastically Forged Silicon
Nitride - DOE Contact Samuel J. Barish, 301-353-3054;

Jupiter Technologies, 1Inc. Contact Dr. Prakash C.
Panda, 607-257-4514

Improved Brazing Techniques for Machinable Glass Ceramics-
DOE Contact Marvin Cohen, 301-353-4253; Lintel

Technology, Inc. Contact Dr. Chou H. Li, 516-484-1719

Neutron Irradiation_ Stable Carbon-Carbon Composites - DOE
: Contact Marvin Cohen, 301~-353-4253; Nuclear and

Aerospace Materials Corporation Contact Mr. Glen B.
Engle, 619-487-0325

Improvement of Copper/Epoxy Composites for Fusion Ener
Magnet Applications - DOE Contact Marvin Cohen, 301~
353-4253; PDA Engineering Contact Mr. Wwilliam H.
Pfeifer, 714-556-2800

An Internal-External Bronze Process for the Manufacture of
Large Filament NbiSn - DOE Contact Victor Der, 301-353-
5736; Supercon, Inc. Contact Dr. Eric Gregory, 617-842-
0174 - N _

High-Current Density Nb3Sn Superconductors Made by Powder
Metallurgy - DOE Contact Victor Der, 301-353-5736;
Supercon, Inc. Contact Dr. Eric Gregory, 617-842-0174

A Search for Metal Oxide-Metal Nitride Eutectic Systems-
. DOE Contact Samuel J. Barish, 301-353-3054; Syn Crys,
Inc. Contact Dr. G. Wayne Clark, 615-482-3411

Metallophilic Oxides in Copper for Fusion Reactors - DOE.
Contact Ted Reuther, 301-353-4963; Technical Research

Associates, Inc. Contact Mr. J. K. Weeks, 801-582-8080

Tic Infiltrated Graphite Fiber Structures for Fusion
Reactors - DOE Contact Marvin Cohen, 301-353-4253;
Ultramet Contact Mr. Richard B. Kaplan, 818-899-0236
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Surface Modification by JTon Beams for Improved Corrosion
Resistance - DOE Contact Samuel J. Barish, 301-353-

3054; . Universal Energy Systems Contact Dr. Rabi
Bhattacharya, 513-426-6900

‘Phase II Projects: (First Year)

Fabrication and Characterization of Ceramic Matrix-Ceramic
Whisker Composites with Random Orientation of - the
Whiskers - DOE Contact Iran Thomas, 301-353-3426;
Ceramatec, Inc. Contact L. Viswanathan, 801-486-5071

Development of a Continucus Process to Clad Superconductors
With High-Purity Aluminum - DOE Contact Earle Fowler,

301-353-4801; Intermagnetics General Corporation
Contact Dr. Kanithi Hemachalam, 203-753-5215

The Direct Production of Intermetallic Compound Powder - DOE .
Contact Iran Thomas, 301-353-3426; Materials and
Electrochemical Research Corporation Contact Dr. James
C. Withers, 602-749-3257

The Investigation of an Improved Processing Method for High

Current Density, Fine-Filamentary Superconductors - DOE
Contact Earle Fowler, 301-353-4801; Supercon, Inc.

Contact Dr. Eric Gregory, 617-842-0174

The Developnent of a Process for Producing Aluminum
Stabilized, Fine~Filamentary Superconducting Composites
- DOE Contact Earle Fowler, 301-353-4801; Supercon,
Inc. Contact Dr. Eric Gregory, 617-842-0174

Phase II Projects: (Second Year)

Growth of BaF, Crystals by the Heat-Exchanger Method (HEM)
with Enhanced Fast Component for Scintillator
Applications - DOE Contact Stanley Whetstone, 301-353-_
3613; Crystal Systems, Inc. Contact Dr. Chandra P.
Khattak, 617-745-0088

Brazing of Machineable Glass Ceramics and Other Ceramic:
Materials - DOE Contact Marvin Cohen, 301-353-4253;
Hittman Materials & Medical Components, Inc. Contact
Mr. Harold N. Barr, 301-730-7800

Development of a New Process for the Production of Very Fine
Filamentary Superconducting NbTi Composites =~ DOE
Contact Earle Fowler, 301-353-4801; Supercon, Inc.
Contact Dr. Eric Gregory, 617-842-0174 '
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Materials Properties, Behavior, Characterization, or Testing

Phase I Projects:

An Investigation of Fatique Failure Initiation and

Propagation in Wind-Tubine-Grade Wood/Epoxy Laminate

Containing Several Veneer Joint Styles - DOE Contact
Jeffrey Rumbaugh, 202-586-1696; Gougeon Brothers, Inc.

Contact Mr. William D. Bertelsen, 517-684-7286

Applications of Direct Recoil Spectroscopy for Surface
Analysis of Li, H, and D on Fusion Materials - DOE
Contact Marvin Cohen, 301-353-4253; IONWERKS Contact
Dr. J. Albert Schultz, 713-667-1691

Nonorganic, low-Pressure Solid Iubricants by Ion Beam
Enhanced Deposition - DOE Contact Marvin Cohen, 301-
353-4253; Spire Corporation Contact Dr. James Hirvonen,
617-275-6000

A Novel Hybrid Lubrication Approach for Advanced Heat
Engines - DOE Contact Terry Levinson, 202-586-5377;
Technology Assessment & Transfer, Inc. Contact Dr.
Larry L. Fehrenbacher, 301-858-0248

Phase 11 Projects: (Second Year)

Processing and Characterization of SiCAION Ceramics - DOE
Contact Iran Thomas, 301-353-3426; Ceramatec, Inc.

Contact Dr. Raymond A. Cutler, 801-487-5411

Reduction of Surface Recombination in Silicon Solar Cells-
DOE Contact Richard King, 202-586-1693; Spire
Corporation Contact Dr. Mark B. Spitzer, 617-275-6000

Device or Component Fabrication, Behavior, or Testing

Phase I Projects:

An All-Metal, Demountable Cryogenic Seal - DOE Contact Earle
Fowler, 301-353-4801; Creare Inc. Contact Dr. Herbert

Sixsmith, 603-643-3800

Development of High-Resolution Gratings Produced from
Advanced Materials by Chemical Vapor Deposition
Techniques - DOE Contact Donald Priester, 301-353-
3421; CVD, Inc. Contact Dr. Parul Purohit, 617-933-9243

A _Feasibility Assessment of the Thermotunnel Enerqy

Converter - DOE Contact Bill Barnett, 301-353-3097;
Energetics, Inc. Contact Mr. Thomas S. Bustard, 301-
992-4000

98



Study of Filament Instability in Multifilamentary NbTi/Cu
Composites =~ DOE Contact Earle Fowler, 301-353-4801;
Intermagnetics General Corporation Contact Dr. Kanithi
Hamachalam, 203-753-5215

A Differential Microcalorimetric Biosensor Based on
Pyroelectric Thin Polymer Films - DOE Contact Janet
Dorigan, 301-353-5778; Ohmicron Corporation Contact Mr.
Mark K. Malmros, 609-737-9050

Surface Figqure Measurements of X-Ray Optics - DOE Contact
Samuel J. Barish, 301-353-3054; Optel Systems/Optel Bar

Code Systems, Inc. Contact Dr. Thomas C. Bristow, 716-
385-6760

A Real-Time, Noncontact Optical Surface Motion Monitor - DOE
Contact Stan Sobczynski, 202-586-1878; OPTRA, Inc.

Contact Mr. Geert Wyntjes, 617-535-7670

A Fiber Optic Tactile Sensor for Robotics Applications - DOE
Contact Oscar Manley, 301-353-5822; Physical Optics
Corporation Contact Dr. Joanna Jannson, 213-371-3909

High-Temperature Thermionics for Burst Power Applications-
DOE Contact Ira Helms, 301-353-5845; Rasor Associates,
Inc. Contact Mr. John McVey, 408-734-1622

A__Contactless Self-Scanning High~-Temperature NDE Flaw
Detector -~ DOE Contact Phillip Hemmig, 301-353-3579;
SONOQUEST/Advanced Ultrasonics Research Contact Mr.
Jacques R. Chamuel, 617-239-0554

An_Improved Thermionic_ Conversion Device Using Oxide with
Metallic or Metal Carbide Composites - DOE Contact Bill
Barnett, 301-353-3097; Technology for Energy
Corporation Contact Dr. Francis E. LeVert, 615-966-5856

Microlaminated Ferromagnetic Composites for Magnetic
Switching - DOE Contact David Bailey, 301-353-4078; Xi
Magnetics, Inc. Contact Dr. John L. Wallace, 215-347-
1768 .

Phase II Projects: (First Year)

The Design and Fabrication of Flat Panels with High Acoustic

Transmissivity - DOE Contact Iran Thomas, 301-353-3426;
Analysis Consultants Contact Dr. B. G. Martin, 714-380-
1204
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Highly Versatile Multilayer Tactile Sensor Arrays - DOE
Contact Oscar Manley, 301-353-5822; Bonneville
Scientific Contact Dr. Allen R. Grahn, 801-359-0402

Direct Enerqy Conversion with a Pryoelectric Polymer - DOE
Contact Bill Barnett, 301-353-3097; Chronos Research
Laboratories, Inc. Contact Dr. Randall B. Olsen, 619-
756-1447

Reduction of Low-level Radwaste Disposal in Water Clean-up
Systems by Use of Magnetite - DOE Contact Scott
Hinschberger, 208-526-1288; Nuclear Consulting
Services, Inc. Contact Dr. Djordjiji R. Sain, 614-846-
5710

Phase II Proijects: (Second Year)

Eddyv-Current, Nondestructive Evaluation of laser-Glazed
' Metallic Surfaces - DOE Contact Iran Thomas, 301-353-
3426; American Research Corporation of Virginia Contact
Dr. Russell J. Churchill, 703-731-0836

Fresnel-Lens Photovoltaic Concentrator Design_ Innovations-
DOE Contact Michael Pulscak, 202-586-6264; ENTECH, Inc.
Contact Mr. Mark J. O'Neill, 214-456-0900

Development of Fe-Nd-B Metal-Matrix Magnets - DOE Contact
Iran Thomas, 301-353-3426; KJS Associates Contact Mr.
Reinhold M. W. Strnat, 513-879-0114

Immuniodiagnostic Biosensor Device Based on__Conductive
Organic Polymers - DOE Contact George Duda, 301-353-

3651; MKM Research/Ohmicron Contact Mr. Mark K.
Malmros, 609-737-9050

Titanium Nitride Coating of High-Speed Steel and Carbide

Metal Cutting Tools Using Fluid Bed Furnace Technology
- DOE Contact Raymond LaSala, 202-586-4198; Procedyne

Corporation Contact Mr. Joseph E. Japka, 201-249-8347

Method and Device for Nondestructive Inspection of Niobium
to  Improve Superconductivity - DOE Contact David

Sutter, 301-353-5228; Sonoscan, Inc. Contact Dr.
Lawrence W. Kessler, 312-766-7088

Wear Resistant Ferrous Metal Matrix Composites for Municipal
Solid Waste Processors - DOE Contact Donald Walter,

202-586-4679; Waste Energy Technology Corporation
Contact Dr. David B. Spencer, 617-275-6400
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Instrumentation and Facilities
hase I Projects:

UV_Holographic Mirrors with High Diffraction Efficiency-
DOE Contact Samuel J. Barish, 301-353-3054; Physical
Optics Corporation Contact Dr. Joanna Jannson, 213-371-
3909

Phase II Projects: (First Year)

The Construction of a Soft X-Ray Source Using Transition

Radiation for Lithography - DOE Contact Iron Thomas,

" 301-353-3426; Adelphi Technology Contact Dr. Melvin A.
Piestrup, 415-861-0633

A New Two-Dimensional Position Encoder for Position Emission
Tomography (PET) - DOE Contact Gerald Goldstein, 301-
353-3426; Computer Technology and Imaging, Inc. Contact
Dr. Ronald Nutt, 615-966-7539

A High Efficiency Helium-3 Neutron Detector - DOE Contact
Stanley Whetstone, 301-353-3613; KMS Fusion, 1Inc.
Contact Mr. Timothy M. Henderson, 313-769-8500

An InP Semiconductor Neutrino Detector - DOE Contact Stanley
Whetstone, 301-353-3613; Radiation Monitoring Devices,
Inc. Contact Dr. Gerald Entine, 617-926-1167

Phase II Projects: (Second Year)

Fiber-Optic Track Detector - DOE Contact Stanley Whetstone,

301-353-3613; Synergistic Detector Designs Contact Dr.
Arthur H. Rogers, 415-964-4756
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OFFICE OF NUCLEAR ENERGY

Office of Nuclear Energy Grand Total

Office of Reactor Systems Development
-and_Technology

Office of Advanced Reactor Programs

High Temperature Gas Cooled Reactor Division

Materials Preparation, Synthesis,
Deposition, Growth, or Forming

Fuel Process Development

Materials Properties, Behavior,

Characterization, or Testing

Fuel Materials Development

Fuel Development and Testing

Graphite Development

Graphite Development and Testing

Metals Technology Development

Structural Materials Development

Advanced Gas Reactor Materials Development

Office of Terminal Waste Disposal and
Remedial Action

Division of Storage and Treatment Projects

Materials Preparation, Synthesis,
Deposition, Growth, or Forming

Technical Support to West Valley
Demonstration Project

Materials Properties, Behavior,
Characterization, or Testing

Materials Characterization Center
Testing of West Valley Formulation Glass
Nuclear Waste Treatment
Test Development and Testing of West Valley
Reference Formulation Glass Process
Process and Product Quality Optimization
for West Valley Waste Form
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FY 1986

$129,294,000

6,180,000

6,180,000

6,180,000

690,000

690, 000

5,490,000

940,000
880,000
580,000
575,000
840,000
470,000

1,205,000

5,995,000

5,995,000

4,500,000

4,500,000

1,320,000

520,000

0
510,000

290,000



OFFICE OF NUCLEAR ENERGY (Continued)

Device or Component Fabrication, Behavior,
or Testing

Special Waste Form Lysimeter for Arid Regions
Special Waste Form Lysimeter for Humid Regions

Office of Uranium Enrichment

Device or Component Fabrication, Behavior,
or Testing .

Barrier Quality
Materials and Chemistry

Gaseous Diffusion:
Gaseous Diffusion:
Support

AVLIS Separator Technology Development

Office of Reactor Systems, Development and
Technology

Division of Special Applications

Materials Preparation, Synthesis,
Deposition, Growth, or Forming

Development of Improved Thermoelectric
Materials for Space Nuclear Power Systems

Development of an Improved Process for the
Manufacture of DOP-26 Iridium Alloy Blanks

Carbon Bonded Carbon Fiber Insulation
Manufacturing Process Development and
Product Characterization

Materials Properties, Behavior,
Characterization, or Testing

Nondestructive Testing Methods Development
and Application to Thermoelectric
Materials and Devices

Characterization of State-of-the-Art
Thermoelectric Device/Materials and
Exploratory Studied of Rare Earth Sulfide

Thermoelectric Materials
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FY 1986
$ 175,000
75,000
100,000
$ 37,332,000

$ 37,332,000

1,088,000
3,080,000

33,164,000

$ 2,305,000

$ 2,305,000

$ 1,730,000

850,000

525,000

355,000

$ 575,000

175,000

400,000



OFFICE OF NUCLEAR ENERGY (Continued)

Office of Space Reactor Projects
Office of Breeder Technology Projects

Fuels and Core Materials Division

Materials Properties, Behavior,
Characterization, or Testing

Oxide Fuel Development - CDE

Technology Development Support for IFR

Qualification of 9 Cr-1 Mo Steel for LMF
Applications

Absorber Development

Metallic Fuel Development

Mechanical Properties of Materials for LMR
Applications

Structural Design/Life Technology

Integral Fast Reactor (IFR) Fuel Performance
Demonstration

Oxide Fuel Development - Fuels and Materials
Development

Clad/Duct Alloy Development

Materials and Structures Division

Materials Properties, Behavior,
Characterization, or Testing

High Temperature Structural Design,

Mechanical Property Design Data, Tribology
Coolant Technology, Fabrication, Handbook,
and Advanced Alloy Development

Office of Naval Reactors

" Reactor Material Division

*Approximate
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FY 1986

$ 17,482,000
$ 12,782,000
$ 12,782,000
4,131,000
2,400,000
300,000
384,000
380,000
48,000

385,000
3,888,000

866,000
o}
$ 4,700,000

$ 4,700,000

4,700,000

$ 60,000,000%*

$ 60,000,000%



OFFICE OF NUCLEAR ENERGY

The Office of Nuclear Energy conducts research projects in
the Division of High Temperature Gas-Cooled Reactors which
includes the Office of Converter Reactor Development, the Office
of Terminal Waste Disposal and Remedial Action, the Office of
Uranium Enrichment, the Breeder Reactors Program, and the Office
of Naval Reactors. Summarized below are the areas of current
research.

Division of High Temperature Gas-Cooled Reactors

The objective of this division is to develop the base
technology, systems concepts, and reactor designs .which will
permit the Government, in cooperation with utilities and private
industry, to commercialize the High Temperature Gas-Cooled
Reactor (HTGR). The materials interests of this division include
those required for the development of coated particle fuels,
graphite moderator and reflector blocks, graphite core support
blocks and posts, and heat exchanger tubing and tube sheets.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Fuel Process Development - DOE Contact J. E. Fox, 301-353-"
3985; GA Technologies Contact 0. M. Stansfield,
619-455-2895

o Production of depleted and enriched wuranium
oxycarbide microspheres.

o Coating of microspheres with multiple ceramic layers
of pyrolytic carbon and silicon carbide.

o Consolidation of coated fissilé and fertile fuel
particles into fuel rods. .

Materials Properties, Behavior, Characterization, or Testing

Fuel Materials Development - DOE Contact J. E. Fox, 301-
353-3985; GA Technologies Contact 0. M. Stansfield,
619-455-2895

o Development of technology base required to design,
qualify, and license fuel systems for near-term steam
cycle and advanced process heat HTGRs.

o Preparation and evaluation of irradiation
experiments.
o Performance of post-irradiation fission product

release tests,
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o Development and verification of fuel performance
models.

Fuel Development and Testing - DOE Contact J. E. Fox, 301-
353-3985; ORNL Contact M. J. Kania, 615-576-4856

o Fabrication, testing, and evaluation of irradiation
experiments; development of post-irradiation
examination equipment and methods.

o Evaluation of fuel performance and development of
fission product release mechanism and models.

Graphite Development - DOE Contact J. E. Fox, 301-353-
3985; GA Technologies Contact R. Vollman,
615-455-3310

o Selection, characterization, and qualification of
graphite materials for application in HTRs.

o Development of failure and design criteria.
Graphite Development and Testing - DOE Contact J. E. Fox

301-353-3985; ORNL Contact W. P. Eatherly,
615-574-5220

o Selection, characterization, and qualification of
graphite materials; evaluation of high temperature
corrosion resistance and mechanical properties
(tensile, creep, fatigue, fracture mechanics, etc.)

o Fabrication, testing, and evaluation of irradiation
experiments; development of high strength, oxidation
resistant graphites with high resistance to
irradiation damage.

Metals Technology Development - DOE Contact J. E. Fox,
301-353-3985; GA Technologies Contact D. I. Roberts,
619-455-2560

o Characterize and qualify the metallic materials
selected for application in the near-term steanm
cycle/cogeneration HTR system.

o Develop base technology required for selection of
alloys for advanced HTR systems.
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Structural Materials Development - DOE Contact J. E. Fox,
301-353-3985; ORNL Contact P. L. Rittenhouse,

615-574-5103

o Selection, characterization, and qualification of
high temperature alloys; evaluation of effects of
exposures in simulated environments on mechanical
properties (creep, fatigue, fracture mechanics).

o Development of the database and correlations required
for qualification.

Advanced Gas Reactor Materials Development - DOE Contact
J. E. Fox, 301-353-3985; GE Contact O. F. Kimball,

518-385-1086

o Selection and evaluation of candidate high
temperature alloys; evaluation of effects of
exposures in simulated environments on mechanical
properties (tensile, impact, creep, fatigue).

o Generation of a database for development of design
criteria and code gqualification rules for
temperatures above 760°C (1400°F).

Office of Terminal Waste Disposal and Remedial Action

Division of Storage and Treatment Projects

The mission of the Division of Storage and Treatment
Projects 1is to facilitate development of a reliable national
system for managing low-level waste and to develop acceptable
technologies for the treatment and immobilization of nuclear fuel
cycle and special types of radioactive waste.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Technical Support to West Valley Demonstration Project -
DOE Contact T. W. McIntosh, 301-353-3589; PNL

Contact R. A. Brouns, 509-376-0731
o Provide technical assistance in supernate treatment

and borosilicate glass formulation for West Valley
Demonstration Project waste.
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Materials Properties, Behavior, Characterization, or Testing

Materials Characterization Center Testing of West Valley

Formulation Glass - DOE Contact H. F. Walter,
301-353-5510; PNL Contact J. E. Mendel, 509-375-2905

Evaluate, using various MCC test methods, samples of
glass having the expected composition of West Valley
borosilicate glass incorporating high-level waste.

Nuclear Waste Treatment - DOE Contact R. B. Chitwood,

. Test

301-353-4728; PNL Contact R. A. Brouns, 509-376-0731
Develop acceptable technologies for treatment and
immobilization of waste from the nuclear fuel cycle
and special waste.

Development and Testing of West Valley Reference

Formulation Glass - DOE Contact H. F. Walter, 301-
353-5510; CUA Contact P. B. Macedo, 202-635-5327

Development of borosilicate glass waste form test
methods.

Testing of nonradiocactive reference West Valley
Demonstration Project waste formulation glass.

Process and Product Quality Optimization for West Valley

Waste Form - DOE Contact H. F. Walter, 301-353-5510;
AU Contact L. D. Dye, 607-871-2432 '

Attempt to maximize optimum conditions for producing
acceptable quality borosilicate glass waste form
product.

Development of methods for control of product
quality during routine manufacture of the West
Valley Demonstration Project waste form.

Device or Component Fabrication, Behavior, or Testing

Special Waste  Form Lysimeter for Arid Regions - DOE

Contact J. L. Smiley, 301-353-4728; EG&G Idaho
Contact - E. Jennrich, 208-526-9490

Conduct waste form 1leaching tests in a field
facility in order to determine typical source terms
generated by commercial solidified low-level waste
in an arid climate.
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o Identify the chemical and physical processes that
control the concentrations of radionuclides in the
surrounding soil.

o Determine methods for representing the source term
boundary conditions for transport models.

Special Waste Form Lysimeter for Humid Regions - DOE
Contact J. L. Smiley, 301-353-4728; EG&G Idaho

Contact E. Jennrich, 208-526-9490

o Conduct waste form leaching tests in a field
facility in order to determine typical source terms
generated by commercial solidified low-level waste
in a humid climate.

o Identify the chemical and physical processes that
control the concentration of radionuclides in the
surrounding soil.

o Compare radionuclide emigration from solidified
conmmercial low-level waste in order to evaluate the
benefits of solidification.

Office of Uranium Enrichment

The Department of Energy is authorized by the Atomic
Energy Act, as amended, to provide toll uranium enrichment
services to commercial customers. That 1is, customers deliver
natural uranium to one of DOE's plants and for a fee, DOE returns
material enriched to the desired 1level in the isotope uranium-
235. The goal of the Uranium Enrichment program is to meet the
requirements of domestic and foreign customers and the United
States Government for uranium enrichment services in an
economical, reliable, safe, secure, and environmentally
acceptable manner.

Until 1974, the United States held a virtual monopoly in
the world enrichment market. Since that time, competition from
foreign suppliers has reduced DOE's share of the world market to
46%. The ability of foreign suppliers to penetrate DOE's
previously exclusive market was due principally to significant
price differences and more favorable contract terms.

Recently, the Administration and Congress have reaffirmed
that the United States must be a reliable and economic source of
uranium enrichment services for domestic and military purposes.
As a result, in early 1984, DOE announced that it was embarking
on a major initiative to restore the competitive position of the
United States in enrichment. The elements of the Department's
initiative were: to stabilize DOE's market share through the
issuance of a new more flexible enrichment contract; to reduce
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prices to competitive levels; to enhance DOE customer services
and marketing activities; and to reduce program costs in all
major areas, including diffusion operations and advanced
technology research and development activities. The underlying
philosophy of the DOE approach was to operate the program as much
like a competitive business as possible keeping in mind that
there will be an oversupply of world uranium enrichment services
well into the 1990s.

One major element in the initiative to recapture the
_enrichment market was the selection in June 1985, after a lengthy
evaluation, of the Atomic Vapor Laser Isotope Separation (AVLIS)
process for having the best potential for providing the lowest
cost uranium enrichment in the future. Because the enrichment
market will be dynamic for at least the next decade, the timing
and extent of integration of AVLIS into the enrichment enterprise
is being carefully evaluated.

Uranium as found in nature contains about seven-tenths of
1 percent uranium 235 which is fissionable. The remainder is
essentially uranium 238 which is nonfissionable. The fissionable
characteristics of uranium 235 make it desirable for use as
nuclear fuel. To date, most nuclear reactors designed for
producing electrical power require uranium 235 concentrations in
the 2 to 4+ percent range. Presently uranium is enriched to the
desired wuranium 235 assay levels in gaseous diffusion plants
located at Portsmouth, Ohio, and Paducah, Kentucky. The
diffusion plant at Oak Ridge, Tennessee, used since World War II,
recently was placed in standby operation.

The Office of the Deputy Assistant Secretary for Uranium
Enrichment, reporting to the Assistant Secretary for Nuclear
Energy, 1is responsible for the management of the uranium
enrichment enterprise. Uranium enrichment is composed of four
major offices: Marketing and Business Operations, Operations and
Facility Reliability, Technology Deployment and Strategic
Planning, and Advanced Technology Projects and Technology
Transfer. The Office of Marketing and Business Operations is
responsible for enrichment service sales, contracting, supply
policy formulation, marketing, financial management, enterprise
budgets, and enrichment demand/economic analyses. Operations and
Facility Reliability is responsible for overseeing all aspects of
the gaseous diffusion plants including the electrical power
contracts which are a major cost element. The Technology
Deployment and Strategic Planning Office 1is responsible for
integrating production, business, marketing and technology
development plans into a single strategic plan for the uranium
enrichment enterprise. This includes working with the private
sector to determine optimum means of financing new technology
deployment. The Office of Advanced Technology Projects and
Technology Transfer is responsible for all research/development/
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demonstration and generation of production plant concepts for the
AVLIS technology.

Revenues received by DOE for the enrichment of uranium are
retained and used for the specific purposes of offsetting costs
incurred by the Department in providing uranium enrichment
service activities as authorized by Section 201 of Public Law 95-
238, not withstanding the provisions of Section 3617 of the
Revised Statutes (31 USC 484). The sum appropriated is reduced
as uranium enrichment revenues are received during a fiscal year
so as to result in a final fiscal year appropriation estimated at
$0. Total obligations for all uranium enrichment activities in
FY 1986 were $855 million.

Materials R&D activities within the Office of Uranium
Enrichment are varied and for the most part, especially the test
results, classified Restricted Data. In FY 1986, approximately
$37 million was used in these endeavors. The Appendix summarizes
these activities for the purpose of this report. The DOE contact
is A.P. Litman, (301) 353-5777.

Device or Component Fabrication, Behavior, or Testing

Gaseous Diffusion: Barrier Quality

o Studies of the short- and long-term changes in the
separative capability of the diffusion barrier.

o Methods to recover and maintain barrier quality and
demonstration in the production facilities.

Gaseous Diffusion: Materials and Chemistry Support

o Characterization of contaminant-process gas cascade
reactions, physical/chemical properties of UFg
substances, corrosion of materials, failure
analyses, trapping technology, alternative materials
replacement.

Atomic Vapor Laser Isotope Separation Process Separator
- Development (AVLIS)

o Utilizes the differences in the electronic spectra
of atoms of uranium isotopes to induce the selective
absorption required for isotopic separation.
Utilizes the controlled vaporization of uranium
atoms followed by selective excitation and
ionization of uranium 235 using tunable 1lasers in
the visible regions of the spectrun. Resulting
plasma of uranium enriched in uranium 235 ions can
then be removed from the vapor using electromagnetic
methods.
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(o} Development of process separator; coating
development for various substrates to contain
uranium and development/demonstration of engineering
subcomponents.

Office of Reactor Systems: Division of Special Applications

The Division of Special Applications is responsible for
the development, system safety and production of radioisotope
thermoelectric dgenerators (RTG) and dynamic power systems for
NASA and DoD space and terrestrial applications and advancing
base technologies for these power systenms. Thus, applied
materials research programs are supported in the areas of
thermoelectric materials and devices, high temperature heat
source materials, materials systems compatibility and safety
related materials characterization and testing.

Materials Preparation, Synthesis, Deposition, Growth, or Forming

Development of Improved Thermoelectric Materials for Space
Nuclear Power Systems - DOE Contact W. Barnett,
301-353-3097; General Electric Co., Space Systems
Division Contact P. D. Gorsuch, 215-354-5047

o Study of Si-Ge type thermoelectric alloys. Key
variables include alloy and dopant additions,
processing parameters, and structure control. Goal
is an average Fiqure of Merit, Z, of 1 X 10~3 per ©c
from 300 to 1000° c.

(o} Exploratory studies of potential advanced refractory
thermoelectric materials, namely beta-boron and
boron carbide.

Development of an Improved Process for the Manufacture of
DOP-26 Iridium _Alloy Blank - DOE Contact W.
J. Barnett, 301-353-3097; ORNL Contact R.
L. Heestand, 615-574-4352

o - Development of a consumable arc melt/extrusion route
process for the production of DOP-26 iridium alloy
sheet.

Carbon Bonded Carbon Fiber Insulation Manufacturing

Process Development and Product cCharacterization -
DOE Contact W. J. Barnett, 301-353-3097; ORNL

Contact W. P. Eatherly, 615-574-5220

(o} Improve process control systems, optimization of
process parameters, and accommodation of a new type
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carbon fiber for the manufacture of CBCF, carbon
bonded carbon-fiber thermal insulation.

Nondestructive Testing Methods Development and Application
to Thermoelectric Materials and Devices - DOE
Contact W. J. Barnett, 301-353-3097

o No submission received

Characterization of State-of-the-Art Thermoelectric
Device/Materials and Exploratory Studies of Rare
Earth Sulfide Thermoelectric Materials - DOE Contact
W. J. Barnett, 301-353-3097; Iowa State University
Contact B. Beaudry, 515-294-1366

o Evaluation and characterization of state-of-the-art
Si-Ge/GaP and other "improved" silicon-germanium
type thermoelectric materials.

Office of Space Reactor Proijects

Investigation of fundamental material properties and
resolution of compatibility issues are «critical for the
successful development of space nuclear reactor power systens.
Feasibility of using refractory metals in a reactor concerns the
material transport fluid/cladding/fuel chemical interaction.
Knowledge of the creep strength, ductility, fracture toughness,
and fabricability of refractory alloys is an important factor in
the selection of materials for the reactor system. The effects
of fast neutron irradiation on their mechanical behavior are also
important factors for this selection. The candidate structural
materials include molybdenum, niobium, tantalum, and
tungsten-based alloys.

One objective is the measurement of the high temperature
creep strength and the DBTT of refractory alloy, wrought and
weldment specimens, for use in early structural alloy selection
decisions. A second objective is to analyze the available high
temperature creep data for candidate refractory alloys.

Office of Breeder Technology Projects

The applied research and development technology
activities, conducted at several national laboratories,
industrial organizations, universities, and through bilateral and
trilateral technology programs and exchanges with foreign
nations, relate to current and advanced reactor systemns. The
scope of these activities include the following areas: fucl
cycles; design and performance of high quality core components
for fuels, blanket, and control systems; development of the
structural materials used in these components and systenms;
development and demonstration of equipment, processes, and
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procedures for fabricating, processing, handling, and producing
mixed oxide bearing fuels, materials, and components; sodium
technology; standards and quality assurance; assuring a reliable
high quality economical fuel supply for IMR's; destructive and
non-destructive testing, examination, and evaluation of core
components and the facilities and capabilities for conducting
such examinations; responsibility for engineering and supporting
facilities; associated safety, safeguards, and non-proliferation;
maintaining competent capabilities in the several contractor
organizations that conduct the pertinent R&D activities and
programs. These activities are responsive to the
administration's policies and goals and, to the DOE programs that
support them.

Fuels and Core Materials Division

In-reactor and out-of-reactor property evaluations are
being conducted on core materials, clad/ducts, fuels and absorber
materials. Through irradiation testing in FFTF and EBR-II, the
Fuels and Core Materials Program is developing, qualifying, and
verifying the use of reference, improved and advanced mixed oxide
fuels and boron carbide absorbers, including full size driver and
blanket fuel, and absorber element pins and assemblies--same for
carbide fuels. Fabrication development, evaluation, qualifica-
tion, and verification (raw material processing, melting, hot
working, cold working, and finishing) are conducted on reference,
improved, and advanced alloys including in-reactor qualification
of pins, ducts, and assemblies; surveillance assemblies of
reference materials now in FFTF Core 1. Inproved and advanced
materials are being tested for use in future cores. The DOE
contact is Dave Nulton, 301-~353-5004.

Oxide Fuel Development - CDE

o) No submission received

Technoloqgy Development Support for IFR

o No submission received
Qualification of 9 Cr-1 Mo Steel for IMF Applications
o No submission received

Absorber Development

o No submission received

Metallic Fuel Development

o No submission received

114



Mechanical Properties of Materials for IMR Applications

o No subnission received

Structural Design/Life Technology

o) No submission received

Integral Fast Reactor (IFR) Fuel Performance Demonstration

o No submission received
Oxide Fuel Development - Fuels and Materials Development
o No submission received

Clad/Duct Alloy Development

o No submission received
Materials and Structures Division

The objectives of the Materials and Structures Division
are to develop procedures that will assure economic and safe
components and systems while providing designers with sufficient
flexibility in components and systems design to facilitate
optimization. Materials being evaluated are low alloy and
stainless steels as well as ferrous superalloys. Major areas
include materials characterization, radiation effects, mechanical
properties, joining methods, non-destructive testing, tribology,
corrosion and wear, and materials data documentation. The DOE
contact is Nick Grossman, 301-353-3405.

High Temperature Structural Design, Mechanical Property
Design_ Data, Tribologqy Coolant Technology,

Fabrication, Handbook, and Advanced Alloyvy
Development
o) No submission received

Office of Naval Reactors

The Materials Research and Development Program is in the
Reactor Materials Division under the Deputy Assistant Secretary
for Naval Reactors. The program supports the development and
operation of improved and 1longer life reactors and pressurized
water reactor plants for naval nuclear propulsion.

The objective of the materials program is to develop and
apply in operating service materials capable of use in the high
power density and long life required of naval ship propulsion
systems. This work includes irradiation testing of reactor fuel,
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poison, and cladding materials in the Advanced Test Reactor at
the Idaho National Engineering Laboratory. This testing and
associated examination and design analysis demonstrates the
performance characteristics of existing materials as well as
defining the operating limits for new materials.

Corrosion, mechanical property, and wear testing is also
conducted on reactor plant structural materials under both
primary reactor and secondary steam plant conditions to confirm
the acceptability of these materials for the ship life. This
testing is conducted primarily at two Government laboratories-
-Bettis Atomic Power Laboratory in Pittsburgh and Knolls Atomic
Power Laboratory in Schenectady, New York.

One result of the work on reactor plant structural
material 1is the issuance of specifications defining the
processing and final product requirements for materials used in
naval propulsion plants. These specifications also cover the
areas of welding and nondestructive testing.

Funding for this materials program is incorporated in
naval projects jointly funded by the Department of Defense and
the Department of Energy. This funding amounts to approximately
$60 million in FY 1986 including approximately $30 million as the
cost for irradiation testing in the Advanced Test Reactor. The
Naval Reactors contact is Robert H. Steele, (703) 557-5561.
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